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For long surgical procedures... 





Long-acting muscle relaxation without vagolytic effects’ 


e Does not cause elevation of heart rate or blood pressure? 
e Histamine-related reactions are unlikely to occur. 
e Recommended when cardiovascular stability is desired? 


e A useful alternative to pancuronium in patients where 
tachycardia is best avoided“ 


e Provides good to excellent intubating conditions within 
2.5 to 3.0 minutes. 


See following page for brief summary of prescribing information. 
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pipecuronium bromide 


for injection 


_ Before prescribing, please consult complete product information, a sum- 
mary of which follows: 





< THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS, AND 
HAZARDS. 







CONTRAINDICATIONS: None known. 
WARNINGS: ARDUAN® IPIPECURONIUM BROMIDE] FOR INJECTION SHOULD BE 
ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF 
EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S ACTIONS AND THE 
POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT CUNI- 
CIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH 
AS ARDUAN® EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG 
RESPONSE, NEED FOR ADDITIONAL RELAXANT, AND ADEQUACY OF SPONTANEOUS 
, RECOVERY OR ANTAGONISM. In patients with myasthenia gravis or myasthenic {Eaton- 

2 Lambert) syndrome, small doses of non-depolarizing neuromuscular blocking agents may 

| have profound effects. Shorter-acting muscle relaxants than ARDUAN® may be more 
suitable for these patients. 
PRECAUTIONS: General: Since ARDUAN® has little or no effect on the heart rate, the 
drug will not counteract the bradycardia produced by many opioid anesthetic agents or 
vagal stimulation, Consequently, bradycardia during anesthesia may be more common with 
ARDUAN® than when a muscle relaxant (such as pancuronium} which exerts vagolytic action 
is employed. 
Renal Failure: ARDUANS in the dose of 70 pg/kg actual body weight (ABW), has been 
studied in a limited number of patients (n=20} undergoing renal transplant surgery recently 
dialyzed in preparation for cadaver renal transplant. The mean clinical duration {injection to 
25% recovery} of 103 minutes was not udged prolonged; however, there was wide individual 
variation 130 to 267 minutes}. ARDUAN® has not otherwise been studied in patients with 
renai failure (for elective or emergency non-renal surgery}. Because it is primarily excreted by 
the kidney, and because some shorter-acting drugs (vecuronium and atracurium) have a 
more predictable duration of action in patients with renal dysfunction, ARDUAN® should be 
used with extra caution in patients with renal failure. 
increased Volume of Distribution: Conditions associated with an increased volume 
of distribution, e.g., slower circulation time in cardiovascular disease, old age, or edematous 
states, may be associated with a delay in onset time. Because higher doses of ARDUAN® 
may produce a longer duration of action, the initial dosage should not usually be increased 
in these patients to enhance onset time; instead, more time should be allowed for the drug 

to achieve maximum effect. 

Hepatic Disease: There are no dato on dosage requirements, onset, duration, or phar 

macokinetics in patients with moderate or severe hepatic dysfunction and/or biliary obstruc- 

tion. This should be considered in selection of muscle relaxants for use in these patients. 

Obesity: The most common patient condition associated with prolonged clinical duration 

was obesity, defined as 30% or more over ideal body weight {BW}. Clinical study subjects 

were dosed on the basis of actual body weight, which may have contributed to the higher 
incidence of prolonged duration. It is therefore recommended that dosage be based upon 
ideal body weight for height in obese patients. 

Malignant Hyperthermia (MH): Human malignant hyperthermia has not been 

reported with the administration of ARDUAN® Because ARDUAN® is never used alone and 

because the occurrence of malignant hyperthermia during anesthesia is possible even in the 
absence of known triggering agents, clin:cians should be familiar with early signs, contirma- 
tory diagnosis, and treatment of malignant hyperthermia prior to the start of any anesthetic. 
in an animal study in MH-susceptible swine (n=7}, the administration of ARDUAN® was not 
associated with the development of malignant hyperthermia. 

Long-Term Uses in the Intensive Care Unit (ICU): No dota are available on the 

long-term use of ARDUAN® in patients undergoing mechanical ventilation in the LCU. 

Central Nervous System: ARDUAN* has no known effect on consciousness, the pain 

threshold, or cerebration. Therefore, administration must be accompanied by adequate 

anesthesia. 

Drug Interactions: ARDUAN®? can be administered following recovery from succinyicho- 

line when the latter is used to facilitate endotracheal intubation. 

The use of ARDUAN® before succinylcholine, in order to attenuate some of the side effects 
of succinylcholine, is not recommended because it has not been studied. 

There are no clinical data on concomitant use of ARDUAN® and other non-depolarizing 
neuromuscular blocking agents. 

inhalational Anesthetics: Use of volatile inhalation anesthetics has been shown to 

enhance the activity of other neuromuscular blocking agents on the order of enflurane > 

isoflurane > halothane. Since the neuromuscular blocking agents are routinely administered 
before or shortly after the administration of the inhalation anesthetic, minimal effects are 
generally observed on onset time and peak effect. In routine use of neuromuscular blocking 
agents, only clinical duration is generally affected (prolonged). No definite interaction 
between ARDUAN® and halothane, as used clinically, has been demonstrated. Use of 
isoflurane in one study of 25 patients resulted in an increase in mean clinical duration by 
12%. In another study of 25 patients first anesthetized with enflurane for 5 minutes or more, 
the mean clinical duration was increased by 50%. Therefore, a prolonged clinical duration 
following initial or maintenance doses and prolonged recovery from neuromuscular block- 
ing effect of ARDUAN® should generally be anticipated with enflurane > isoflurane > 
halothane. 
Antibiotics: Parenteral /intraperitoneal administration of high doses of certain antibiotics 
Jay intensify or produce neuromuscular block on their own. The following antibiotics have 
en associated with various degrees of paralysis: aminoglycosides (such as neomycin, 
“eptomycin, kanamycin, gentamicin, and dihydrostreptomycin}; tetracyclines; bacitracin ; 
iymyxin B; colistin; and sodium colistimethate. If these or cther newly introduced antibiot- 
re used in conjunction with ARDUAN® during surgery, prolongation of neuromuscular 
rk should be considered a possibility 
ier: Experience concerning injection of quinidine during recovery from use of other mus- 
Hlaxants suggests that recurrent paralysis may occur. This possibility must also be con- 
ped for ARDUAN®. ARDUAN®- induced neuromuscular blockade has been counteracted 
kalosis and enhanced by acidosis in experimental animes cat}. in addition, experience 
ther drugs has suggested that acute le.g., diarrhea} or chronic feg, adrenocortical 













P 24 539 


Cuk -H 02996 H-Pody 23 


insufficiency} electrolyte imbalance may alter neuromuscular blockade. Since electrolyte 
imbalance and acid-base imbalance are usually mixed, either enhancement or inhibition 
may occur, Magnesium salts, administered for the management of toxemia of pregnancy, 
may enhance neuromuscular blockade. 

Drug/ Laboratory Test Interactions: None known. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Studies in animals have 
not been performed to evaluate carcinogenic potential or impairment of fertility, Mutagenicity 
studies (Ames test, Sister Chromatid Exchange} conducted with ARDUAN® revealed no 
mutagenic potential. 

Pregnancy Category Č: A teratogenicity study has been conducted in rats using 
intravenously administered doses of ARDUAN® approximating the clinical dase in humans 
(50 pg/kg}. No teratogenic effects were observed in this study. An embryotoxic effect 
(secondary to maternal toucity] was observed at the highest dose administered (50 pg/kg) 
as demonstrated by an increase in earlier fetal resorptions. There are no adequate and 
well-controlled studies in pregnant womer. ARDUAN® should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 

Use in Obstetrics (Caesarean section): There are insufficient data on placental transfer 
of ARDUAN® and possible related effect(s} upon the neonate following Caesarean section 
delivery. In addition, the duration of action of ARDUAN® exceeds the duration of operative 
obstetrics {C-section}. Therefore, ARDUAN® is not recommended for use in patients under- 
gaing C-section. 

Pediatric Use: Infants (3 months to] yeer} under bolanced anesthesia {2 studies in 

52 infants}, or halothane anesthesia (1 study in 29 infants}, manifest similar dose response to 
ARDUAN® as do adults on a pg/kg ABW basis. Children [1 to 14 years} under balanced 
anesthesia (4 studies in 57 children}, or halothane anesthesia (2 studies in 29 children}, may 
be less sensitive than adults, These conclusions come from studies involving titrating patient 
response by the incremental method to approximately 1.2 times ED,,. There are no data on 
either onset time or clinical duration of larger doses in infants or children. There are no data 
on maintenance dosing in infants and children. Pharmacokinetic studies in infants and chil- 
dren hove not been performed; therefore no pharmacokinetic modeling of incremental dos- 
ing can be attempted, The use of ARDUAN® in neonates and infants below 3 months of age 
has not been investigated. Antagonism has not been systematically studied in infants or chil- 
dren. However, usual clinical doses of neostigmine administered following significant levels 
of spontaneous recovery (recovery of T, to more than 50% of control) produced complete 
antagonism of residual neuromuscular block in less than 10 minutes in the majority of cases. 
ADVERSE REACTIONS: The most frequent side effect of non-depolarizing blocking 
agents as a class is an extension of the drug's pharmacological action beyond the time 
period needed for surgery and anesthesia. Clinical signs may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insuffi- 
ciency or apnea. This may be due to the drug's effect or inadequate antagonism. 

The following listings are based upon U.S. clinical studies involving nearly 600 patients uti- 
lizing a variety of premedications, varying lengths of surgical procedures, and various anes- 
thetic agents. 

Adverse experiences in greater than 1% of cases and judged by the investigator to have a 
possible causal relationship: dinicolly significant hypotension (2.5% of cases}: clinically sig- 
nificant bradycardia (1.4% of cases). 

Adverse experiences in less than 1% of cases and judged by the investigator to have a 
possible causal relationship: 

Cardiovascular: hypertension, myocardial ischemia, cerebrovascular accident, thrombo- 
sis, atrial fibrillation, ventricular extrasystole. 

Metabolic and Nutritional: increased creatinine, hypoglycemia, hyperkalemia. 
Musculoskeletal: muscle atrophy, difficult intubation. 

Nervous: hypesthesia, CNS depression. 

Respiratory: dyspnea, respiratory depression, laryngismus, atelectasis. 

Skin and Appendages: rash, urticaria. 

Urogenital system: anuric. 

HOW SUPPLIED: 10 mL vials containing 10 mg lyophilized pipecuronium bromide, Boxes 
of 6 (NDC 0052-0446-364}. 

Storage: 2°-30°C (35°-86°F}. Protect from light. 

After Reconstitution: When reconstituted with bacteriostatic water for injection, USP: 
CONTAINS BENZYL ALCOHOL, WHICH IS NOT INTENDED FOR USE IN NEWBORNS. 
Use within 5 days. May be stored at room temperature or refrigerated. 

When reconstituted with sterile water for injection or other compatible LV. solutions: 
Refrigerate vial. Use within 24 hours. Single use only. Discard unused portion. 

CAUTION: Federal law prohibits dispensing without prescription. 


Rev. 12/91 
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It Took Millions Of Years To Develop 
This Guidance System. 





You'll Appreciate Its Accuracy In Seconds. 
i ; x | Peg Only SmartNeedle 


guides your needle straight to its 





mark with the speed of sound. 
Whether your target is a 
femoral, subclavian or internal 
jugular vessel, you'll be able to 
distinguish arteries from veins 
by the sounds SmartNeedle transmits. 
<A Continuous auditory feedback helps you locate the 
vessel with pinpoint accuracy, puncture it and optimize the needle 
position within the vessel. 
Proven Doppler technology helps your needle find its target 
while minimizing trauma and complications associated with 
multiple punctures. Therefore, less time is spent in 





preparation and patient care can begin without 
unnecessary delay, <Page 

It's easy to see, and hear, why SmartNeedle is 
essential in the OR, ER, ICU, specials and cath 
labs. And using it is as easy as it sounds. 

What’s more, our dedicated service and support are your 
assurance that it will always be a device you can rely on. 

Call 1-800-548-1994 today for more information or to request 
a demonstration. And get your hands on the technological 


alternative to flying blind. Sma rtNe e di e" 


Pinpoint Accuracy With The Speed Of Sound.” 


yg : Peripheral Systems Group 





S.J 8.8 al. f, = x . ye ` E 
A Division of ACS” 1395 Charleston Rd., Mountain View, CA 94043 
smartNeedle is a registered trademark of Peripheral Systems Group 
SmartNeedle Vascular Access Guidance System designed in conjunction with Paul G Yock, M.D. This product is intended for use by 
or under the direction of a physician. Prior to use, it is Important to read the package insert thoroughly for instructions on use. 
warnings and potential complications associated with the use of this device Manufactured under the following patent: United States 
4,887,606, Other U.S. and foreign patents pending. ©1992 Peripheral Systems Group 





Cholecystectomy Biliary tract 
repair 





Common patient type Common patient type 
Obese Both adults and 
children 





Advantage of Tracrium Advantage of Tracrium 


No difference in Clinical response 
recovery from neuro- | unaffected by hepatic 
muscular blockade function’ or patient 
between normal and age? 


obese patients. | 





Total hip Renal surgery Neurosurgery Everyday 
replacement for trauma procedures 
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Common patient type Common patient type Common patient type Common patient type 

Elderly women and Both adults and Both adults and Average 

men children children 
eee 


Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium Advantage of Tracrium 


Recovery time Recovery time Effect unchanged by The same reasons 
unaffected by age.° unaffected by renal concomitant anticon-  Tracrium is ideal for 
dysfunction.’ vulsant medications special patient types 
(phenytoin, carba- make it the choice for 
mazepine).*» everyday procedures. 








TRACRIUM "INJECTION 
(atracurium besylate) 10 mg/mL 
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See brief summary of prescribing information on adjacent page. 


TRACRIUM® INJECTION 


{atracurium besylate) 
Brief Summary 
This drug should be used only by adequately trained individuals familar with is actione, characteristics, and 


tani RA AND USAGE: Tracrium l indicated, as an adiunot to general anesthesia, to facditate 
endotracheal Intubation and to provide skatatal muacle rataxation d during surgery or mechanical ventilation. 


CONTHAINIHCATIONS: Tracrium fs ease in patients known to have a hypersensitivity to ġ. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND 
RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
ENDOTRACHEAL BATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE. DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. Tracrium 
has no knewn effect on consciousness, pain threshold, or cerebration. It should be used only with adequate 
anesthesia. solutions berbiturabe 


vials 
associated with an increased Incidence of neurological and other sin dle ea 


PRECAUTIONS: General: Athough Tchad EEE tau ccs ati or 
the of substantial histamine release in eensitive individuals must be considered. Special 
substandal histamine release would 

be especially hazardous (@.9., patients wi acne axon suggaing a gai’ eto Hare 
any history (6.9., savere anaphyiactoid reactions or asthma} suggesting a greaier risk of histamine 
release. In theea these patients, the recommended Initial Tracrium dose ls 31004 mpg ) than for other 
Since Tracttum has no clinically 


i coy la o however, since In the bene of established cae 


serene 
swing) and in a clinical study of MH-suscaptible patients, Tracrum did not trigger this araon 
romuscula in patients. Increased doses 


to blocking agents may develop bum 

of muscie may be in bum patients and are dapendent on the time 
since the bum and the size of the burn. ing Soa OCOT TAS no al 

with bronchial asthma. R a a Uehae Tracrium hes been used to 
mechanical ventilation In (CU patients. Whan there is a nead for term mechanical vanilation, the benefits 
to risk ratio of neuromuscular blockade must be considered. There is only limited information on the 
efficacy and satety of Tracrium administered by long-term (days to dpa pkita bt dal Riper 
ep cdo m, as with other neuromuscular blocking agents 
in 


eee or clinical c Uences 
Sl il Zs Gye io weas) ino Tractor he ne caro uri One metabolite 
when administered alone to laboratory animals, has bean with carebral 
2a affects, Physiological effects of laudanosine ln humans have not bean demonstrated. The 
affects and hamofitration on plasma levels of atracurium and its metabolites 
: Drugs which may enhance neu ee apg ed aon o TECEN eae 
enflurane, Isoflurane; halothane; certain ao especially the amin and potymyxins; 
ithium; magnesium sahe: procainamide and quinine . Hf other muscle aro used dura the 
same procedure, the possibility of a sme or t antagonis! affect should be considered. The da 
administration of succinyichollne does not an ig evel pry aiel d ben 
blockade induced by T. should not be administered 


reenact Take. Gxcegnet agua meee 
ee ee ee conditions which kied 
over 80% of the treated ceils. A far weaker response was observed Ena Tanieselc Eent 
at concentrations which also killed over 80% of the treated calls. 
Pregnancy C. Tracrium has bean shown to be potentially te drape EP plost pas 
up to approximat sre hall iia Winer Goes: Thar aro ne ee e sae 
pagan patie ET ADEE idee dee de JO eed poama sll el dl 
potential risk fo the fetus. Labor and Delivery: H is not known whether muscle relaxants administered during 
ee ee eee 
newba necessary. The possibilty that forcens delivery wil be necessary may Increase. Tracrium 
(3 rp) haa boan soo W 28 pregrant wane” dag try y cesarean tote. No hal 
effects were atiibuinbie to Mi thal ade idole tary infants, alfhough small amounts of Tracrium were 
shown to cross the placental barrier. The possibility of ON GKEAREN br the AEN SIT EEN should 


4 : not 
wheather erT a A in human ae Caution ehould be exercised when Tracrium bs administered 
5 a mureng cra Podiatric Usa: Safety ahd atfaciivoness Wi Guten balc tre agesol 1 mgr hapo not 
been 


ADVERSE REACTIONS: Observed In Controfied Cilnical Stucthes: Tracrum produced few adverse reactions 
aay extensive clinical trials. Most were sees of histamine release (soe Precautions Section). 
The overall reactions was 7/975 oar 0.8%. Most adverse reactions 


ar i 
waro 83 follows: in those paBents given the recommended initiat of 0.31 to 0.50 mg/kg of Tractum, 
Boe sisi) na bees 2a co ae ease ro ain 
In 2.8% of these patients. At doses of 2 0.80 mg/kg, 14.3% of the studied patients had a decrease In mean 


arterial pressure while 4.8% hed an increase in haart rate. At doses < 0.30 , mean arterial pressure 
Increased in 1,9% and decreased in 1.1% of while heart rate increased fn 1.6% and decreased in 
0.8% of these Observed in Clinical Based on clinical experience in the U.S, and the Untied 
Kingdom of approximately 3 milion patlerts Tracrium the following are the 


hypotensio AAAA (wating) a aa | espe hogpasm, 
n, vaso : a; > dyspnea, bronc i 
laryngospasm; Integumentary: rash, urticaria, injection site reaction. 

STORAGE: Tracrium iat eer tehiperciat ts (ears lomarstine foa e a (er CT? 

NOT FREEZE. Upon removal Ml dread rl temperature storage conditions (25 ne ise 
Tracrium Injection within 14 days even if rerefrigerated. 


4. Weinstein JA, Matteo AS, Omstoin E, Schwartz A, Goidstoff M, Thal G. Pharmacodynamics of vecuron- 


dyn 
, 1988;67:1149-1153. 2. Ward S, Neill EAM. 


aom ate aracim i Wa obese aurai al ene ee 
Pharmacokinetics of atracurium in patients in acute eraa renal failure). Br J Anaesth. 
aa eta ra Luyckx C, Barvals Prien A 

a siabie muscle rolaxalon ang E E a 
240, 4, Ornstein E, Matteo RS, Kelle i Sart A oung WL, Diaz J Crone yer 
and muscular blockade. §85;6:A331. 


Abstract. 5. spear gti 
Roth S. Carbamazepine therapy and neuromuscular sis each ad KSE Ae 
1988;67:S55, Abstract. 
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DEPARTMENT OF ANAESTHESIA 
HARVARD MEDICAL SCHOOL 


From time to time, positions are available in 
the Anaesthesia Departments of several 
hospitals affiliated with Harvard Medical 
School in the residency, fellowship, faculty, 
and technical ranks. These hospitals in- 
clude: Beth Israel Hospital; Brigham and 
Womens’ Hospital, Cambridge Hospital; 
Children’s Hospital; Massachusetts Eye & 
Ear Infirmary; Massachusetts General Hos- 
pital; Mount Auburn Hospital; New England 
Deaconess Hospital; and West Roxbury 
Veterans Administration Hospital. Interested 
individuals should apply directly to 


Richard J. Kitz, M.D. 
Secretary of the Department of 
Anaesthesia 
Massachusetts General Hospital 
Boston, MA 02114 


Applications are also invited from Board- 
certified or eligible physician anesthetists for 
two or three year research fellowships in the 
laboratories of Harvard University, Massa- 
chusetts Institute of Technology, Massachu- 
setts General Hospital, Beth Israel Hospital, 
Brigham and Womens Hospital and Chil- 
drens Hospital. Appointments are made an- 
nually under USPHS National Research 
Service Award for advanced training in the 
Departments of Physiology, Biochemistry, 
Pharmacology, Molecular Biology, Neurobi- 
ology, Bioengineering or Biostatistics. Inter- 
ested persons should send a current curric- 
ulum vitae to 


Keith W. Miller, D.Phil. 
Department of Anaesthesia 
Massachusetts General Hospital 
Boston, MA 02114 


equal opportunity employer. Minorities an 


These institutions are an affirmative > ani 
women are strongly urged to apply. 
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~ 100 minutes 


MAX iE 
NURO X (range 39-232) 
3xED,. (0.08 mg/kg )* 
ee a a ae ee N 160 minutes or more 
(range 110-338) 
3xED,. (0.2 mg/kg) 
(range 50-106) 
5xED,,. (0.3 mg/kg) 
vecuronium” es ||! 
(range 62-208) 


7XED,. (0.4 mg/kg) 
~ 115 minutes 
(range 35-191) 


*This dose should be reserved for instances in which a need for very prolonged neuromuscular block is anticipated. 
tNumbers shown are not directly comparable since these data have been compiled from different study populations. 


= Cardiovascular stability comparable with normal saline ° 

= Noncumulative 

= Ready-to-use solution 

= Vials stored at room temperature, no refrigeration required 
= Supplied as a 5 mL vial, 1 mg/mL 





F NUROMAX INJECTION 


(doxacurium chloride) 1mg/mL 


Excellent for Long CV Procedures 








Please see brief summary of full prescribing information. 


NUROMAX? INJECTION 


(DOXACURIUM CHLORIDE) 


Brief Summary 
This drug should be administered only by adequatély trained Individuals famillar with Hts 
actions, charactoristics, and hazards. ; 


individuaiization of Dosages: In ekdarty pattants or patients who have impalred renal function, the 
potential for a prolongation of block may be reduced by decraasing fhe initial Nuromax dose and by 
tirafing fhe dose to achieve the desired depth of biock. in obese patients (patients weighing > 30% 
more than ideal body weight for height), the Nuromax dese shoutd be determined using the patient's 
ideal body weight (IBW), according to the following formulas: 

Man: IBW in kg = [106 + (6 x Inches in height above 5 feat)2.2 

Women: IBW tn kg » {100 + (5 x Inchas in height above 5 teaf}v2.2 

Dosage requirements for patents with severe Iver disease are variable; some patients may require a 
higher than normai intial Nuromax dose to achieve clinically effective block. Once adequate block Is 
established, the clinical duration of block may be prolonged in such patents retalive to patients with 
normal liver function. 

As with pancuronsum, metocurine, and vecuronium, resistance to Nurom™ax, manifested by a reduced 
intensity and/or shortened duration of block, must be considered whan Nuromax fs selected for use In 
patents recetving phenytoin or carbamazepine (see Drug interactions subsection of PRECAUTIONS). 
As with other nondepolarizing neuromuscular biocking agents, a reduction in dosage of Nuromax musi 
be considered in cachectic or debilitated patients, in patients wiih neuromuscular diseases, severe 
electrolyte abnormalities, or carcinomatosis, and In other patients in whom potentiation of 
neuromuscular block or difficulty with reversal le arrecipated. Increased doses of Nuromax may be 
required in burn paflents (see PRECAUTIONS). 

INDICATIONS AND USAGE: Nuromax is a long-acting neuromuscular blocking agent, indicated as an 
aea ied nei Gods kee) tee lake iio Aner A Nuromax can also 
be used to provide skeletal muscle relaxation for endotracheal intubation. 

CONTRAINDICATIONS: Nuromax is contraindicated in patents known to have hypersensiivily to it 
WARNINGS: NUROMAX SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY 
OR UNDER THE SUPERVISION OF EXPERIENCED CUNICIANS WHO ARE FAMILIAR WITH THE 
DRUG’S ACTIONS AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT 
BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN 
THERAPY, AND AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT 
CLINICIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH AS 
NUROMAX EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG RESPONSE, 
. NEED FOR ADDITIONAL RELAXANTS, AND ADEQUACY OF SPONTANEOUS RECOVERY OR 
ANTAGONISM. NUROMAX HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD, 
OR CEREBRATION. TO AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK 
SHOULD NOT BE INDUCED BEFORE UNCONSCIOUSNESS. 

Nuromax Infection le acidic (pH 3.9 to 5.0) and may net be compatible with alkaline solutions having a 
pH greater than 8.5 (a.g, barbiturate solutions). 

Nuromax Injection contains benzyl alcohol. in newbom infants, benzyl alcohol has been associated 


PRECAUTIONS: General: Nuromax has no clinically significant effects on heart rate; therefore, 
Nuromax wii not counteract the bradycardia produced by many anesthetic agents or by vagal 
stimulation. Neuromuscular blocking agents may have a profound effect in patients with neuromuscuter 
ee a in these and other conditions in 
which prolonged neuromuscular biock Is a possibilty (eg, carcinomatosis), the use of a peripheral 
nerve stimulator and a small test dose of Nuromax is recommended to assess the level cf 
neuromuscular block and to monitor dosage requirements. Shorter acting muscle retaxants than 
Nuromax may be more sultable for these patients. Resistance to nondapolarizing neuromuscular 
blocking agents may develop in patiants with bums depending upon fe fine elapéed since the Injury 
and the size of fhe bum. Nuromax has not been studied In patients with bums. Actd-base and/or serum 


data are available to support the use of Nuromax by Intramuscular infection. Renal and Hepatic 
Disease: Nuromax has been studied In paflents with end-stage kidney (ne) or iver (n=7) disease 
undergoing transplantation procedures (see CLINICAL PHARMACOLOGY). The possibility of 
prolonged neuromuscular block 


(patiants 
weighing = 30% more than Kdeal body weight for height) (see CLINICAL PHARMACOLOGY). 
Therefore, the dose of Nuromax shoukl be based upon ideal body weight in obese patients (sea 
individuelizafion of Dosages subsection af CLINICAL PHARMACOLOGY). Malignant Hyperthermia 
ee ee ee ee ee 

MH-suscaptihle patients. Since MH can develop In the absence of established wiggering agents, the 
clinician shouki be to recognize and treat MH in any patient scheduled for general anesthesia. 
Long-Term Use In the intensive Care Unit (ICU): No data are available on the long-term use of 
Nuromax in patients undergoing mechanical ventilation in the ICU. Drug Interactions: Prior 
administration of succinyicholine has no clinically important effect on the neuromuscular blocking action 
of Nuromax. The use of Nuromax before succinyicholine to attenuate some of the side offects of 
succinytchaline has not been studied. There are no cinica data on concomitant use of Nuromax and 
other nondapotarizing neuromuscular blocking agents. Isofturane, enflurane and halothane decrease 
the ED, of Nuromax by 30% to 45%. These agents may also protong the clinically effective duration of 
action by up to 25%. Other drugs which may enhance the neuromuscular blocking action of 
nondepolarizing agents such as Nuromax include cenain antibiotics (¢.g., aminoglycosides, 
tetracyclines, bacitracin, polymyxins, lincomycin, clindamycin, colistin, and sodium collstimethatn), 
magnesium sults, Kthium, local anesthetics, procainamide, and quinidine. As with some other 
nondepolarizing neuromuscular blocking agents, tha time of onset of neuromuscular block Induced by 
Nuromax is lengthened and the duration of block is shortened In patients receiving phenytoin or 
carbamazepine. Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenesis and fertility 
studies have not been parformed. Nuromax was avaluaied in a battery of four short-term mutagenicity 
tests. it was non-mutagenic In the Ames Salmonella assay, in the mouse lymphoma assay, and in the 
human lymphocyte assay. In the #7 mo rat bone marrow cylogenstic assay, statistically significant 
eeaeee E ha Fis co Goch EOI EINE lanl rE, wore EAN 
male rats dosed with 0.1 mg/kg (0.625 mg/m?) Nuromax and sacriliced at 6 hours, but not at 24 or 48 
hours, and in famale rats dosed with 0.2 mg/kg (1-25 mg/m) Nuromax and sacrificed at 24 hours, but 
not at 6 or 48 hours. There was no increase in structural abnormaiiiies in oiher mals or tomais rats 
given 0.3 mg/g (1.875 mg/m) Nuromax and sacrificed at 6, 24, or 48 hours. Thus, the incidence of 
abnormalities In the d wo rat bone marrow cytogenetic assay was not dose-dependent and, therefore, 
the likelihood that the observed abnormalities were treatment-related or clinically significant is low. 


Pregniney Termes te Etec: Ervin © Tarlo) esi enaa brei 
rats and mice treated subcutaneously with maximum subparalyzing doses of Nuromax revealed: no 
maternal or fatal imdety or teratogenic effects. There are no adequate and well-controfied studies of 
Nurormax in pregnant women. Because animal studias are not alays predictive of human response 
and the doses used were subparatyzing, Nuromax shouk/ be used during pregnancy only if the 
potential benef justifies the potential risk to the fetus. Labor and Delivery: The use of Nuromax during 
labor, vaginal delivery, or cesarean section has not been studied. It Is not known whether Nuromax 
administered to the mother has immediate or delayed effects on the fetus. The duration of action of 
Nuromex exceeds fhe usual duration of operative obstebics (casarean section). Therefore, Nuromax Is 
not racommendad for use in paflents undergoing C-section. Nursing Mothers: it is not known whether 
Nuromax is excreted in human milk. Because many drugs are excreted in human miik, caufon should 
be exercised following Nuromax administration to a nursing woman. Pediatric Use: Nuromax has not 
been studied in chidren below the age of 2 years. See CLINICAL PHARMACOLOGY and DOSAGE AND 
ADMINISTRATION for cinica! expertence and recommendations for use in chidren 2 to 12 years of age. 
Geriatric Use: Nuromax has been used in elderly patients, Including patients with significant 
cardiovascular disease. in elderly paftants the onset of maximum block is slower and the duration of 
neuromuscular block producad by Nuromax is more variable and, in some cases, longer than In young 
achat patients (see Pharmacodynamics and individualization of Doseges subsections of CLINICAL 


ADVERSE REACTIONS: The most frequent adverse eflect of blocking agents as a 
class consists of an extension ol the pharmacological action beyond the time needed for surgery and 


Ciinical Trials: Adverse experlances were uncommon among the 1034 surgical patients and 
volunteers who recelved Nuromax and other drugs in U.S. clinical studies In the course of a wide 
pac ls pcg keeper nui yk dconar hyaline lana ahd Dag fel 
experiences were reported in paliants administered Nuromax (al events judged by invesbgators during 
the clinical trials to have a possible causal relationship): 

Incktence Greater than 1% - None 


Cardiovascular“: hypotension,! flushing,’ ventricular Sbriiañon, myocardial imfarction 
Dermatotogical: urticaria, Injection site reaction 

Special Senses: ciptopla 

deslagcaled difficult neuromuscular block reversal, projonged drug effect, fever 


* Reports of veniricutar fibrillation (n= 1) and myocardial Infarction (n=1) were [lntitad to ASA Class 3-4 
patents undenjoing cardiac surgery fe 42}. 
t 0.3% incidence. All other reactions unmarked were < 0.7%. 


OVERDOSAGE: wih neuromuscular blocking agents may result in neuromuscukr block 
beyond the fme needed for surgery and anesthesia. The primary treatment is maintenance of a patent 
airway and controlled ventiation unii recovery of normal neuromuscular function is assured. Onca 
caged ub eel nl ego ace ie tered 
administration of an anticholinesterase in conunction with an 


of Neuromuscular Block: ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT 
BE ADMINISTERED PRIOR TO THE DEMONSTRATION OF SOME SPONTANEOUS RECOVERY 
FROM NEUROMUSCULAR BLOCK. THE USE OF A NERVE STIMULATOR TO DOCUMENT 
RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. TJT, 
SHOULD BE > ZERO BEFORE ANTAGONISM [S ATTEMPTED. 
in an analysis of patients in whom antagonism of neuromuscular block was evaluated following 
rede E EE aE OT E o hak 0.05 to 0.075) administered 
balanced anesthesia, 71% of patients exhibited 
19 minutes (range: 7 $5) Aa wth ofr orgating 


upon the level of residual neuromuscular block at tha time of attempted reversal; longer recovery timas 
than those cited above may be anticipated when neostigmine fs administered at more profound levels 
of black (4a, at < 25% T} recovery). 
Patients should be evaluated for adequate clinical evidence of antagonism, e.g, 5-second head Bit, and 
grip strength. Ventilation must be supported unti no longer required. As with other neuromuscular 
blocking agents, physicians should be alert to the possibility that the action of the drugs used to 
antagonize neuromuecular block may wear off before the effects of Nuromax on fhe neuromuscular 
junction have deciined suffidently. 
Antagonism may be delayed in the presence of debiftation, carcinomatosis, and the concomitant use of 
certain broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuromuscular 
block or separately cause respiratory depression (see Drug Interactions subsection of PRE- 
CAUTIONS). Under such circumstances the management is the same as that of prolonged 
neuromuscular block. 
In clinical trials, a dose of 1 mg/kg edrophonium was not as effective as a dose of 0.08 mg/kg 
neostigmine in antagonizing moderate to deep levels of neuromuscular block (i.a. < 60% T, recovery). 
Therefore, the use of 1 mg/kg edraphonium is not recommended for reversal from moderate to deep 
levels of block. The use of pyridostigmine has not been studied. 
Adults: initial Doses: When administered as a component of a thlopentavnarcotic Inducton-intubation 
paradigm as weil as for production of long-duration neuromuscular block during surgery, 0.05 mg/kg (2 
x EDgc) Nuromax produces good-to-axcellent conditions for tracheal Intubation in 5 minutes in 
approximately 90% of patients. Lower doses of Nuromax may result In a longer time for development of 
intubation conditions. Clinically effective neuromuscular block may be expected to last 
approxdmately 100 minutes on average (range: 39 to 232) following 0.05 mg/kg Nuromax administered 
to patients recefing balanced anesthesia. 
An intial Nuromax dose of 0.08 mg/kg (3 x EDs} should be reserved far instances in which a need for 
very prolonged neuromuscular block is anticipated. In approximately 90% of patients, good-to-axcefient 
Intubation condiions may be expected in 4 minutes after this dose; however, clinically effective block 
may be expected to persist for as long as 160 minutes or more (range: 110 to 338) (see CLINICAL 


STORAGE: Store Nuromax Injection at room temperature of 15° fo 25°C (59° to 77°F). DO NOT 
FREEZE. 
U.S. Patent No. 4701460 


vat Burroughs Wellcome Co. 
Weticems Research Triangle Park, NC 27709 
Copr. © 1991 Burroughs Wellcome Co, All rights reserved. NM-Y03102 


EDITORIAL 


Anesthesia and Myocardial Ischemia: The Gains of the Past 
Have Largely Come From Control of Myocardial Oxygen 
Demand; The Breakthroughs of the Future Will Involve 
Optimizing Myocardial Oxygen Supply 


Michael Nugent, MD 
Medical College of Ohio, Toledo, Ohio 


use high-dose narcotics or B-adrenergic block- 

ers, or both, to attenuate adrenergic responses 
to intraoperative stimulation has facilitated manage- 
ment of the patient at risk for intraoperative myocar- 
dia] ischemia and infarction. Slogoff and Keats (1) 
have shown a difference in the occurrence of myocar- 
dial ischemia and perioperative myocardial infarc- 
tion, depending on the adequacy of hemodynamic 
control by the anesthesiologist during coronary artery 
bypass grafting surgery (2). Perioperative Holter 
monitoring for myocardial ischemia has demon- 
strated that ischemic episodes occur twice as often 
preoperatively and postoperatively than they do in- 
traoperatively. Modern anesthetic interventions may 
help control ischemic episodes during the intraoper- 
ative period (3). A most important finding is that the 
majority of intraoperative ischemic episodes occur in 
the absence of hemodynamic aberrations, such as 
tachycardia, hypertension, or hypotension. This im- 
plies that many of the episodes of intraoperative 
myocardial ischemia occur because of a decrease in 
myocardial oxygen supply rather than an increase in 
myocardial oxygen demand. 

In patients with coronary artery disease, obstruc- 
tions occur in the large epicardial coronary vessels, 
the same vessels that are bypassed during coronary 
artery bypass surgery. Some stenotic lesions are 
concentric, but most are eccentric in location, with a 
rim of vessel unaffected by the atheromata. Tone in 
this rim of tissue not involved with plaque can be 
altered by naturally occurring dilators and constric- 
tors, resulting in a dynamic stenosis that can change 
in diameter. When atherosclerotic plaques rupture, 


y The introduction of anesthetic techniques that 
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platelets then aggregate and form adherent thrombi. 
Ruptured plaques and thrombus formation are re- 
garded as the usual etiology of unstable angina (4,5). 
Constriction of coronary vessels can occur with me- 
diators of spasm, such as thromboxane and seroto- 
nin. The endothelium of large epicardial vessels se- 
cretes several vasodilators, such as prostacyclin, 
endothelium-derived relaxing factor, and hyperpolar- 
izing factor, as well as vasoconstrictors, such as endo- 
thelin and endothelium-derived constricting factor. In 
the past few weeks, the effect of volatile anesthetics 
on endothelium-dependent vasodilation has been 
studied. Blaise et al. (6) found that attenuation by 
isoflurane of the contractile response of isolated ca- 
nine coronary rings to d-5-hydroxytryptamine and 
prostaglandin F,, was dependent on the presence of 
endothelium. This attenuation was only slightly re- 
duced by pretreatment of the vascular rings with 
indomethacin, and they therefore postulated that the 
effect of isoflurane occurred through the release of 
endothelium-derived relaxing factor. Isoflurane and 
halothane attenuate coronary artery constriction 
evoked by serotonin in isolated vessels and in intact 
pigs (7). Furthermore, halothane reduces the re- 
sponse of preconstricted rabbit and canine vascular 
rings to acetylcholine and bradykinin. Muldoon et al. 
(8) have suggested that halothane inhibits the release 
or action of endothelium-derived relaxing factor, but 
they also demonstrated a direct action of halothane 
on vascular smooth muscle when endothelium had 
been removed from the vessels. 

It is important to note that neither halothane nor 
isoflurane has any effect on the basal tension of 
isolated canine femoral arteries or rabbit or rat aortic 
rings. These anesthetics can only modify the tension 
of contracted rings. This is in contrast to nitroglyc- 
erin, which can cause dilation of a coronary vessel by 
direct effect on vascular smooth muscle via nitric 
oxide donation. In this issue of Anesthesia & Analgesia, 
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Bollen et al. (9) found that halothane relaxes precon- 
stricted small and medium isolated porcine coronary 
artery segments more than isoflurane. They have 
expanded on their earlier study, which examined the 
effects of these drugs on large epicardial coronary 
porcine arteries (10). It is important to do this tech- 
nically difficult work in smaller vessels because some 
drugs have a differing effect in small and medium 
coronary arteries compared with large epicardial cor- 
onary arteries. Bollen et al. (9) have studied the 
effects of potent inhaled anesthetics on epicardial 
vessels large enough to not be an important factor in 
determining coronary vascular resistance; however, 
their findings have nothing to do with the mecha- 
nism of intercoronary steal, which involves the relax- 
ation of small intramyocardial resistance vessels 
rather than the small and medium epicardial vessels 
that they studied. Also in this issue of Anesthesia & 
Analgesia, Bollen et al. (11) found that halothane 
relaxes previously constricted epicardial human cor- 
onary artery segments more than isoflurane. In es- 
sence, the authors repeated their 1987 porcine study 
(10) but in human coronary arteries from recipient 
patients whose hearts were removed before trans- 
plantation. This study validates the porcine model for 
studying coronary artery vascular tone as it relates to 
humans. They studied the effects of isoflurane and 
halothane on preconstricted coronary arteries from 
patients with ischemic cardiomyopathy, two with 
viral cardiomyopathy and two with atrioventricular 
canal malformations with pulmonary hypertension. 
One should find a variable degree of endothelial 
integrity in this group of patients, yet responses to 
the inhaled anesthetics were consistent. Villeneuve et 
al. (12) have reported similar findings in the human 
heart, but they studied only one concentration of 
halothane and isoflurane, whereas Bollen et al. stud- 
ied two concentrations. 

These studies use an established model with sci- 
entific validity, and their findings are consistent with 
other studies that examined the effects of these po- 
tent inhaled anesthetics with regard to their possible 
ability to reverse coronary spasm. In contrast to 
nitroglycerin, isoflurane and halothane do not alter 
resting coronary artery tone, and their effects may be 
seen only in preconstricted large epicardial coronary 
vessels. 

In their paper “Halothane Relaxes Preconstricted 
Small and Medium Isolated Porcine Coronary Artery 
Segments More Than Isoflurane” (9), Bollen et al. 
compare the capacity of halothane versus isoflurane 
to inhibit the activation of calcium channels by BAY 
K8644. These findings support the fairly well- 
established fact that halothane does depress calcium 
influx through slow calcium channels. It is important 
to note that halothane-induced relaxation of potas- 
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sium constriction by BAY K8644 was not complete; 
therefore, halothane may well act through additional 
mechanisms to relax previously constricted coronary 
arteries. Because there is no voltage-activated calcium 
channel in endothelial cells, future studies need to 
evaluate the possible effects of halothane on the 
endothelial calcium-dependent potassium channels 
or its possible effects on G proteins, which are a 
complex of proteins that mediate intracellular re- 
sponses to some agonists and modulate adenylate 
cyclase activity (13). 

Calcium entry blockers are definitely effective ther- 
apeutic regimens for awake patients who have angina 
pectoris. By giving a patient calcium entry blockers 
during a treadmill stress test, the ischemic threshold 
is reduced. In the intraoperative setting, calcium 
entry blockers are not effective in decreasing the 
incidence of intraoperative ischemic episodes (14). 
Some protection from mediators of spasm may pos- 
sibly occur because of the presence of potent inhaled 
anesthetics or simply because in the anesthetic set- 
ting, catecholamine levels are decreased compared 
with the exercising patient. Future studies will not 
only examine the effects of anesthetics and drugs on 
large epicardial coronary artery tone but will also 
study their effects on intracoronary thrombus forma- 
tion. Halothane, not isoflurane or enflurane, de- 
creases the frequency of intracoronary thrombus for- 
mation in stenosed dog coronary arteries (15). The 
pioneering studies by Bollen et al. (9,11), examining 
anesthetic effects on large epicardial coronary arter- 
ies, may lead the way to the development of new 
methodologies for blocking unwanted changes in 
large epicardial coronary artery tone in the perioper- 
ative period. 
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Halothane Relaxes Previously Constricted Human 
Epicardial Coronary Artery Segments More Than Isoflurane 


Bruce A. Bollen, MD, Robert E. McKlveen, MD, and Joe A. Stevenson, AA 


Department of Anesthesia, University of lowa, lowa City, lowa and Cardiovascular Anesthesia Group, 
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To compare the vasodilatory effects of isoflurane 
versus halothane on coronary arteries in vitro, we 
studied the capacity of isoflurane and halothane to 
relax resting and previously constricted human coro- 
nary artery segments with use of in vitro tension 
recording. Human epicardial coronary artery seg- 
ments (1.5-2.0 mm outside diameter) were obtained 
from hearts excised from recipient patients at time of 
heart transplantation. The effects of 0.5%, 1.0%, 
2.0%, and 3.0% isoflurane or halothane on resting 
coronary artery segments stretched to their optimal 
resting tension were determined. Next, after removal 
of anesthetic from the bathing solution, the segments 
were constricted with K* (60 mM), and this contrac- 


isoflurane on coronary artery segments have gen- 

erally been limited to porcine and canine coronary 
models (1-4). Unfortunately, these models have 
yielded conflicting results. Blaise and colleagues (2,3) 
reported that isoflurane induced endothelium- 
dependent attenuation of serotonin-evoked contrac- 
tion in the canine but not the porcine coronary artery 
model. Bollen et al. (1) showed halothane to be more 
potent than isoflurane in relaxing previously con- 
stricted porcine epicardial coronary arteries. There 
have been few such in vitro studies on human coro- 
nary arteries (5). We compared the in vitro effects of 
clinically relevant isoflurane and halothane concen- 
trations on resting and previously constricted human 
epicardial coronary artery segments (1.5-2.0 mm out- 
side diameter [OD]) in a dose-response design. Our 
goal was to determine whether these anesthetics had 
a significant direct vasodilatory effect on human 
epicardial coronary arteries and, if so, to determine 
their relative potency. 


|: vitro studies of the effects of halothane and 
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tion was allowed to plateau. The arteries were then 
again exposed to isoflurane or halothane at 0.5%, 
1.0%, 2.0%, and 3.0% concentrations. Isoflurane and 
halothane had no effect on noncontracted coronary 
artery segments stretched to their optimal resting 
tension. Halothane caused significant relaxation of 
K*-induced (60 mM) contractions at 2.0% and 3.0% 
but not at lower concentrations. Isoflurane did not 
cause significant relaxation of K*-induced (60 mM) 
contractions at any concentration studied. Our stud- 
ies indicate that under the conditions studied, isoflu- 
rane at clinically relevant concentrations is not a 
significant coronary dilator. 

(Anesth Analg 1992;75:4-8) 


Methods 


Human hearts obtained from recipient patients at 
the time of heart transplantation at Stanford Univer- 
sity were placed in cool (4°C) ionic solution for 
mammals (ISM) (mM composition: 130 NaCl, 16 
NaHCO, 0.5 NaH, PO, 4.7 KCL 1.8 CaCl, 0.4 
MgCl, 0.4 MgSO, 13 HEPES, and 5.5 dextrose; pH 
7.4). The study was approved by the Stanford Uni- 
versity Human Subject Committee. Coronary epicar- 
dial arteries from the circumflex and left anterior 
descending coronary arteries were dissected free with 
use of a dissecting microscope. One-millimeter-wide 
circular ring arterial segments 1.5-2.0 mm OD were 
cut, threaded with stainless steel hooks, and sus- 
pended in temperature-controlled, constant-flow 
muscle chambers. High-fidelity force transducers 
(Akers, Norway; sensitivity 1-9000 mg) were used for 
tension recording. Muscle chambers were perfused 
with oxygenated (95% O,-5% CO.) ISM at 37°C (1). 
The optimal resting tension was determined with use 
of repeated K*-induced (60 mM) contractions, fol- 
lowed by a 30-min washout with ISM. We used K* 
(60 mM) because we found K* (60 mM) in human 
epicardial coronary arteries to cause contractile ten- 
sions similar to those seen previously by Bollen et al. 
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Table 1. Anesthetic Effect on Optimally Stretched Resting Human Coronary Artery Segments 


Change in resting tension as percent maximal K*-induced (60 mM) contraction at anesthetic 
concentrations of 0%, 0.5%, 1.0%, 2.0%, and 3.0% 








0 0.5 1.0 2.0 3.0 
Halothane 0 —0.3 + 1.7 —16+1.3 —1.9 + 1.0 0.9 + 3.2 
(n = 4, 11 arterial segments) 
Isoflurane 0 —1.5 + 0.4 —1.8 + 0.8 —0.8 + 0.6 —1.0 + 0.6 


(n = 4, 12 arterial segments) 





Data are presented as mean values + sem. No results were significantly different (actual P < 0.0125) compared with 0%; overall P < 0.05 maintained by 


Bonferroni multiple-comparison procedure. 


(1) in pig coronary arteries with use of K* (30 mM) 
(6). 


To determine the effects of halothane and isoflu- 
rane on noncontracted (resting) coronary artery seg- 
ments stretched to their optimal resting tension, 
resting coronary artery segments at optimal resting 
tension were exposed to ISM saturated with 0.5%, 
1.0%, 2.0%, and 3.0% vol/vol halothane or isoflurane, 
and the effect on tension was measured. Anesthetic 
was then removed from the system, and the vessels 
were allowed to reequilibrate for a minimum of 30 min. 

After anesthetic washout, the coronary segments 
were constricted with K* (60 mM) and contraction was 
allowed to plateau. After stabilization of contraction, 
halothane or isoflurane was added in incremental steps 
to achieve concentrations calculated for K* (60 mM) 
saturated with 0.5%, 1.0%, 2.0%, and 3.0% vol/vol, and 
the effect on tension was measured. After exposure to 
3% anesthetic for 20 min, or until stabilization of effect, 
anesthetic was discontinued, and the K*-induced (60 
mM} contraction was allowed to restabilize. Arterial 
segments from the last three hearts studied were then 
exposed to 3% of the alternate anesthetic and the effect 
on tension was measured. 

Isoflurane and halothane were added in incremen- 
tal steps to achieve steady-state concentrations. Ran- 
domization of the order in which anesthetic concen- 


trations were given was not done because of concern 
that prolonged effects from higher concentrations 
might influence results seen with lower concentra- 
tions (7). Isoflurane and halothane were added as 
previously described (1). The apparatus was sealed to 
maintain the appropriate anesthetic concentration. 
For every experiment at each anesthetic concentra- 
tion, electron-capture gas chromatographic measure- 
ment using heptane extraction was performed to 
document actual anesthetic concentrations in the ISM 
bathing each arterial segment (1,8). Expected concen- 
trations to be studied in micrograms of anesthetic per 
milliliter of ISM were as follows: halothane 32, 64, 
128, and 192 and isoflurane 21, 43, 86, and 128. Based 
on anesthetic solubility coefficients, these concentra- 
tions correspond to calculated concentrations of an- 
esthetic in ISM at 37°C saturated with 0.5%, 1.0%, 
2.0%, and 3.0% of the volatile agent, respectively (9). 

Four to eight coronary segments were studied in 
separate identical muscle chambers at any one time. 
Return of K*-induced contraction to preanesthetic 
level after anesthetic exposure served as the internal 
control for each segment. Previous work (1) has 
documented stability of this preparation over time. 
Thirty-four coronary artery segments from six human 
hearts (n = 6) were studied. The effect of anesthetics 
on resting coronary tension was not determined for 


Table 2. Anesthetic Effect on K* Contractile Tension in Human Coronary Artery Segments 
Percent maximal tension at anesthetic concentrations of 0%, 0.5%, 1.0%, 


2.0%, and 3.0% 
0 0.5 1.0 2.0 3.0 
Halothane (n = 6, 16 arterial segments) 100 91.8 + 4.6 82.2 + 6.6 55.6 + 8.9" 28.9 + 7.4%? 
Halothane-isoflurane (3% posthalothane) 72.2 + 12.7 
(n = 3, 7 arterial segments) 
Isoflurane (n = 6, 18 arterial segments) 100 98.2 + 4.4 96.0 + 6.7 91.3 + 8.9 80.2 + 7.4 
Isoflurane-halothane (3% postisoflurane) 59.9 + 3.9 


(n = 3, 9 arterial segments) 
Data are presented as mean values + sEM. 


‘Significantly different (actual P < 0.0125) compared with 0%; overall P < 0.05 maintained by Bonferroni muldple-comparison proced 
*Siznificantly different (actual P < 0.0125) compared with isoflurane at same concentration; overall P < 0.05 maintained by Banferront mull POE 


procedure. 
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Figure 1. A. KCl-induced (60 mM) (Kso) sustained contraction of a human coronary artery segment, followed by exposure to halothane (H) 

in a dose-dependent manner. Isoflurane (I) 3.0% was added after removal of halothane (H Off) and contraction restabilized. B. KCl-induced 

(60 mM) contraction, followed by ee to isoflurane (I). Halothane (H) 3.0% was added after removal of isoflurane (I Off), and 
3. 


contraction restabilized. Halothane 





Contractile Tension 
(% of K60 Basellne Contraction) 


0 1 2 3 4 
% Anesthetic 
Figure 2. Anesthetic effect on K*-constricted (60 mM) (Keo) human 
coronary segments. Note concentration-dependent re- 


sponse to halothane and isoflurane. Measured tension is expressed 
as percent maximal K*-induced (60 mM) contraction. 


vessels from the first two hearts studied. Etiologies of 
end-stage heart disease in hearts studied were ische- 
mic cardiomyopathy (n = 2), viral cardiomyopathy 
(n = 2), and atrioventricular canal malformations 
with pulmonary hypertension (n = 2). 

Data are presented as percent maximal tension for 
K*-induced (60 mM) contractions; for each experi- 
ment, n refers to the number of human hearts stud- 
ied. For statistical analysis, results from multiple 
coronary artery segments from the same heart stud- 
ied under identical conditions were first averaged to 
obtain a mean value for each heart. Results are 
expressed as mean values + sEM. Repeated measures 
analysis of variance was used to analyze data. Single- 
tail t-tests when appropriate were used to obtain P 


after removal of isoflurane induced greater relaxation than did 3.0% isoflurane. 


values. Where appropriate, the Bonferroni multiple- 
comparison procedures were used to maintain an 
overall significance level of P < 0.05. 


Results 


Results are presented in Tables 1 and 2 and Figures 1 
and 2. Neither halothane nor isoflurane had a signif- 
icant effect on noncontracted human coronary artery 
segments stretched to their optimal resting tension. 
Halothane caused significant relaxation of K*- 
induced (60 mM) contractions at 2.0% and 3.0% (P < 
0.0125). Isoflurane did not cause significant relaxation 
of K*-induced (60 mM) contractions at any concen- 
tration studied (P < 0.0125). Halothane caused sig- 
nificantly more relaxation than isoflurane of K’- 
induced (60 mM) contractions at 3.0% (P < 0.0125). 

Potassium-constricted (60 mM) coronary artery 
segments exposed to 0.5%, 1.0%, 2.0%, and 3.0% 
halothane, followed later by exposure to 3.0% isoflu- 
rane after halothane washout, showed significantly 
more relaxation with 3.0% halothane than with 3.0% 
isoflurane (P < 0.05). Potassium-constricted (60 mM) 
coronary artery segments exposed to 0.5%, 1.0%, 
2.0%, and 3.0% isoflurane, followed later by 3.0% 
halothane after isoflurane washout, also exhibited 
significantly more relaxation with 3.0% halothane 
than with 3.0% isoflurane (P < 0.05). 

Optimal resting tensions (+sEM) determined for 
the vessels studied were 1485 + 39 mg. Average 
tension (+SEM) for K*-induced (60 mM) contractions 
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was 5132 + 188 mg. Concentrations refer to goal 
concentrations for isoflurane or halothane at 0.5%, 
1.0%, 2.0%, and 3.0% vol/vol saturating the solution 
bathing the coronary artery segments. Actual mea- 
sured anesthetic concentrations (+SEM) in solution 
for halothane were 0.55% + 0.01%, 1.09% + 0.03%, 
2.20% + 0.06%, and 3.6% + 0.15%. Concentrations 
for isoflurane were 0.55% + 0.01%, 1.01% + 0.02%, 
1.96% + 0.05%, and 3.07% + 0.09%. 


Discussion 


We have shown that halothane is more potent than 
isoflurane in relaxing human epicardial coronary ar- 
tery segments of 1.5-2.0 mm OD that were previ- 
ously constricted with K* (60 mM). Halothane caused 
significant relaxation at lower concentrations than 
isoflurane. Neither halothane nor isoflurane had an 
effect on resting, nonconstricted coronary arteries. 
Our results expand recent work by Villeneuve et al. 
(5) that showed that 1.5 MAC halothane but not 1.5 
MAC isoflurane attenuated contractile responses of 
human coronary artery ring segments to mediators of 
coronary vasoconstriction. Our work shows that 
halothane and isoflurane effects on human coronary 
segments are dose dependent and that halothane 
causes greater relaxation of these epicardial coronary 
arteries. 

These results are similar to those we previously 
observed (1) studying porcine coronary arteries (1.5— 
2.0 mm OD). In that study the percent maximal 
tension of arteries preconstricted with K* (30 mM) 
and exposed to halothane at 0%, 0.5%, 1.0%, 2.0%, 
and 3.0% was 100%, 100%, 89%, 52%, and 24%, 
respectively, with relaxation achieving statistical sig- 
nificance at 1.5%, 2.0%, and 3.0% halothane. This 
compares favorably with the current results in hu- 
mans in which the percent maximal tension of arter- 
ies preconstricted with K* (60 mM) and exposed to 
halothane at 0%, 0.5%, 1.0%, 2.0%, and 3.0% was 
100%, 91.8%, 82.2%, 55.6%, and 28.9%, respectively, 
achieving significance at 2.0% and 3.0%. For isoflu- 
rane, the percent maximal tension of porcine coro- 
nary arteries (1.5-2.0 mm OD) preconstricted with K* 
and exposed to 0%, 0.5%, 1.0%, 2.0%, and 3.0% 
isoflurane was 100%, 108%, 108%, 98%, and 83% 
versus 100%, 98.2%, 96.0%, 91.3%, and 80.2% for 
human coronary arteries. Although isoflurane- 
induced relaxation did achieve significance at 3.0% in 
our previous porcine experiments, isoflurane did not 
achieve significant relaxation at any concentration 
tested in the present experiments on human coronary 


. arteries. The results from porcine versus human 


experiments are very similar. Lack of significant re- 
laxation by 3% isoflurane in human coronary seg- 
ments may reflect the relatively small number of the 
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human versus porcine experiments. The difference in 
concentration of K* used in the human versus por- 
cine experiments was an attempt to achieve similar 
contractile tensions (5132 + 188 mg in the human 
model versus 4680 + 236 mg in the porcine model). 
Having to choose between equalizing K* concentra- 
tions or the magnitude of contraction between our 
previous porcine and the current human experi- 
ments, we decided that it was most appropriate to 
control the magnitude of contraction. This removed 
potential error caused by the possibility that the 
magnitude of contraction might affect the observed 
anesthetic effect. 

Isoflurane and halothane have a similar effect on 
porcine versus human epicardial coronary artery seg- 
ments that have been preconstricted with K*. These 
results may not apply to smaller coronary arteries; 
that is, large and small coronary arteries may show a 
different response to the same drug (10,11). Also, our 
human coronary segments came from severely dis- 
eased hearts, whereas our porcine segments came 
from normal animals. 

In vitro techniques are helpful in defining the 
physiologic effects of drugs on specific models. We 
observed no effect of halothane or isoflurane on 
resting, nonconstricted coronary segments. These 
segments were removed from their normal in vivo 
environment where arterial tone is dynamic and 
influenced by many factors. Coronary vessels in vivo 
may respond differently to anesthetics, depending on 
the particular level of vascular tone at the time of the 
experiment. Sill et al. (12) examined in vivo epicardial 
coronary arteries in dogs and reported no effect of 
isoflurane on resting large epicardial coronary arter- 
ies. Our in vitro results are in agreement. From our 
studies and those of Sill et al., it appears that isoflu- 
rane and halothane have no significant effect on 
resting epicardial coronary arteries. In the presence of 
increased coronary tone, isoflurane in vitro is not a 
potent coronary artery dilator. In contrast, halothane 
did cause relaxation of constricted coronary arteries at 
high concentrations. 

We have chosen to compare halothane and isoflu- 
rane at equal concentrations (% vol/vol) and not at 
MAC increments. MAC (as % anesthetic) is a mea- 
sure of potency of an agent as an anesthetic based on 
movement responses to noxious stimuli and not 
based on cardiovascular responses. MAC itself is 
derived by studying dose-response ranges of anes- 
thetic concentrations as % vol/vol. We believe that the 
same should be done when comparing the anesthetic 
effects on other physiologic parameters, which is why 
we performed dose-response studies. Our % vol/vol 
method allows direct comparisons in a clinically rel- 
evant fashion because vaporizers are calibrated by 
percent agent delivered not by MAC fraction deliv- 
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ered. It is, of course, possible to analyze our results 
using MAC fractions. When we did this, halothane 
still caused significantly more relaxation than isoflu- 
rane in the previously constricted human epicardial 
coronary arteries. 

In conclusion, we studied the dose-response ef- 
fects of halothane and isoflurane on human epicardial 
coronary artery segments (1.5-2.0 mm OD) at rest and 
constricted with K” (60 mM). We conclude that neither 
halothane nor isoflurane affects resting tension. 
Halothane caused more relaxation than did isoflurane 
of K*-constricted human epicardial coronary arteries. 
We conclude that isoflurane is not a potent dilator of 
human epicardial coronary arteries in vitro. 
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Halothane Relaxes Preconstricted Small and Medium Isolated 
Porcine Coronary Artery Segments More Than Isoflurane 
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To compare the putative vasodilatory effects of iso- 
flurane versus halothane on porcine coronary arter- 
ies, we studied the capacity of isoflurane and 
halothane to relax K*-constricted (30 mM) small 
(0.5-1.0 mm outside diameter [OD]) and medium 
(1.0-1.5 mm OD) porcine coronary arteries with use 
of in vitro tension recording. We also examined the 
effect of the dihydropyridine calcium channel agonist 
BAY K8644 on previously constricted epicardial por- 
cine coronary artery segments in the presence of 
halothane or isoflurane. Our purpose was to deter- 
- mine (a) whether anesthetic effect on coronary arter- 
ies varied with arterial diameter, and (b) whether 
halothane and isoflurane inhibited BAY K8644- 
induced contraction of coronary vessels. Small and 
medium porcine coronary artery segments were con- 
stricted with K* (30 mM) and the resulting contrac- 
tion was allowed to stabilize. This was followed by 
osure to 0.5%, 1.0%, 2.0%, and 3.0% isoflurane or 
halothane and the resultant tension was again mea- 
sured. Potassium-induced contractions were signifi- 
cantly relaxed by halothane in small coronary artery 
segments at 0.5%, 1.0%, 2.0%, and 3.0% and in 
medium coronary artery segments at 1.0%, 2.0%, and 
3.0%. Potassium-induced contractions were signifi- 
cantly reduced by isoflurane only at 3.0% in both 
small and medium coronary artery segments. 
Halothane caused significantly more relaxation of 
both small and medium POE RT arteries 
previously constricted with K* (30 mM) than did 
isoflurane. There were no significant differences in 
coronary artery response to isoflurane or halothane 


o determine the vasodilatory effect of halothane 
and isoflurane on porcine coronary arteries, 
we studied (a) the capacity of halothane and 
isoflurane to relax previously constricted coronary 
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with respect to coronary artery diameter. These ex- 
periments indicate that in porcine coro arteries 
>0.5 mm OD, studied in vitro after K*-induced 
contraction, isoflurane was not a potent coronary 
vasodilator. In another series of experiments, porcine 
epicardial coronary artery segments 1.5-2.0 mm OD 
were constricted with K* (30 mM) and then exposed 
to the highest concentration of anesthetic previously 
tested, namely, 3.0% isoflurane or halothane. BAY 
K8644 (3 x 1077 M), a specific Ca** channel agonist, 
was then added in the presence of the K*-induced 
contraction plus anesthetic and resultant tension was 
measured to determine the capacity of BAY K8644 to 
antagonize the anesthetic effect. Anesthetic was then 
removed from the K* (30 mM) solution and tension 
was remeasured in the presence of BAY K8644 alone. 
In the presence of halothane or isoflurane, the addi- 
tion of BAY K8644 caused significant increases in 
contractile tension. The magnitude of the increased 
tension was not different from that seen in control 
(i.e., K* plus Ca?* channel agonist) coronary artery 
segments exposed to BAY K8644 without the anes- 
thetics. Three-percent halothane and isoflurane did 
not inhibit the ability of BAY K8644 (3 x 1077 M) to 
cause contraction of porcine epicardial arteries previ- 
ously constricted with KT (30 mM). We conclude that 
isoflurane is not a potent dilator of porcine coronary 
arteries in the size range 0.5-1.5 mm OD. We further 
conclude that neither 3% halothane nor isoflurane in- 
hibits the coronary contraction induced by BAY K8644 
(3 x 1077 M). 

(Anesth Analg 1992;75:9-17) 


arteries as a function of vessel diameter, and (b) the 
capacity of both anesthetics to inhibit the effect of the 
dihydropyridine calcium agonist BAY K8644 on epi- 
cardial porcine coronary artery segments. 

We have previously shown (1) that halothane 
relaxes preconstricted epicardial porcine coronary ar- 
tery segments (1.5-2.0 mm outside diameter [OD]) 
more than isoflurane in vitro. In agreement with our 
in vitro porcine studies, Sill et al. (2) reported that 
isoflurane does not dilate large canine epicardial 
coronary vessels, although there were decreases in 
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coronary vascular resistance, implying coronary dila- 
tion distal to large coronary arteries. 

A variable response of coronary vessels to halothane 
and isoflurane as a function of vessel diameter would 
be expected from these findings, in that smaller vessels 
are perhaps more responsive to anesthetic-induced 
vasodilation than are larger vessels. We therefore com- 
pared the in vitro effects of isoflurane and halothane on 
preconstricted, functionally denervated arterial seg- 
ments 0.5-1.0 mm OD (smali) and 1.0-1.5 mm OD 
(medium) from porcine obtuse marginal and diagonal 
coronary artery branches. 

The mechanisms by which anesthetics interfere 
with myocardial and vascular contractile tension are 
thought to involve effects on action potentials, extra- 
cellular Ca** entry, intracellular Ca?* release, Ca?* 
uptake, contractile proteins, and the vascular endo- 
thelium (3-15). To compare the capacity of halothane 
versus isoflurane to inhibit Ca** entry into vascular 
smooth muscle channels caused by BAY K8644, we 
also studied the capacity of BAY K8644 to further 
constrict porcine coronary artery segments previ- 
ously constricted with K* (30 mM) in the presence of 
3% halothane or isoflurane. BAY K8644 is a dihydro- 
pyridine calcium agonist (structurally related to nife- 
dipine) that has been shown to activate voltage- 
sensitive Ca** channels, causing increased entry of 
external Ca**. We hypothesized that the increment of 
contraction caused by BAY K8644 would be inhibited 
by halothane and isoflurane. If so, we would then 
have evidence that the anesthetics may have a spe- 
cific inhibitory effect on the Ca** channels and thus 
take steps toward further elucidating the mechanisms 
by which anesthetics produce vascular dilation. 


Methods 


Hearts from male and female pigs (weight 90-130 kg) 
were obtained from a local abattoir, as approved by 
the Stanford University Animal Research Committee. 
The hearts were removed within 5 min of slaughter 
and placed in cold (4°C) ionic solution for mammals 
(ISM) (mM composition: 130 NaCl, 16 NaHCO,, 0.5 
NaH,PO,, 4.7 KCI, 1.8 CaCl, 0.4 MgCl, 0.4 MgSO, 
13 HEPES, and 5.5 dextrose; pH 7.4). The obtuse 
marginal branches of the circumflex artery and diag- 
onal branches of the left anterior descending artery 
were dissected free to 0.5 mm OD with use of a 
dissecting microscope. Coronary artery ring seg- 
ments 0.5-1.0 mm OD x 4 mm in length and 
1.0-1.5 mm OD X 2.0 mm in length were mounted 
with stainless steel hooks in temperature-controlled, 
constant-flow muscle chambers. In separate experi- 
ments the left anterior descending coronary artery 
was dissected free with use of a dissecting micro- 
scope and 1-mm-long ring segments (1.5-2.0 mm 
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OD) were prepared and mounted for use in BAY 
K8644 experiments. High-fidelity force transducers 
(Akers, Norway; sensitivity 1-9000 mg) were used for 
tension recording. The apparatus has been described 
previously (1). 


Small- and Medium-Diameter Protocol 


Muscle chambers were perfused with oxygenated 
(95% O2-5% CO) ISM at 37°C. Arterial segments 
were stretched to obtain 1000 mg passive force and 
functionally denervated with 6-hydroxydopamine 
(16). This tension had previously been determined to 
provide the optimal length-tension relation. After a 
1-h washout and stabilization period, coronary seg- 
ments were constricted with K* (30 mM). After 
stabilization (plateau) of contraction, either halothane 
or isoflurane was added in incremental steps to 
equilibrate the solution bathing the blood vessels 
with 0.5%, 1.0%, 2.0%, and 3.0% vol/vol anesthetic, 
and tension was remeasured. Each anesthetic con- 
centration was maintained for 15-20 min or until a 
stable new tension was obtained. After exposure to 
solution equilibrated with 3% anesthetic, the anes- 
thetic was discontinued and the K*-induced (30 mM) 
contraction allowed to increase until it plateaued 
again. 

Up to eight coronary segments were studied at any 
given time. Only one anesthetic agent was studied 
per arterial segment. Each segment served as its 
internal control based on the return of the K’- 
induced (30 mM) contraction after the 3% anesthetic 
increment was removed. Previous work (1) has doc- 
umented the stability of this experimental prepara- 
tion over time. 

A total of 55 arterial segments from 10 pigs were 
studied. For each experiment, n refers to the number 
of pigs studied, not the number of vessels. For 
statistical analysis, results from all the arterial seg- 
ments from the same pig studied under identical 
conditions were averaged to obtain mean values for 
each animal. Data for each group are presented as 
percent maximal tension of the original K*-induced 
(30 mM) contracture. A repeated measure analysis of 
variance was used to analyze data. Single-tail t-tests 
when appropriate were used to obtain P values. The 
Bonferroni multiple-comparison procedure was 
used to maintain an overall significance level of P < 
0.05. 


BAY K8644 Protocol 


Arterial segments 1.5-2.0 mm OD were stretched to 
obtain optimal passive tension of 1750 mg (1). Arterial 
segments were then constricted with K* (30 mM) and 
the contraction was allowed to plateau. After stabili- 
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Table 1. Anesthetic Effect on K* Contractile Tension in Porcine Small (0.5-1.0 mm OD) and Medium (1.0-1.5 mm OD) 





Coronary Artery Segments 
Percent maximal tension at anesthetic concentrations of 0%, 0.5%, 1.0%, 2.0%, and 3.0% 
0 0.5 1.9 2.0 - 3.0 

Halothane 

Medium (n = 8, 10 segments) 100 83.7 + 7.4 72.5 + 10.1* 50.5 + 10.1%? 26.1 + 7.0"? 

Small (n = 10, 18 segments) 100 82.7 + 6.3" 71.3 + 7.6% 42.7 + 8.3°° 17.8 + 5.8%? 
Isoflurane 

Medium (n = 6, 10 segments) 100 110.0 + 7.8 111.3 + 9.3 100.6 + 10.3 80.6 + 7.2* 

Small (n = 9, 17 segments) 100 104.9 + 6.3 106.2 + 7.5 93.1 + 8.1 70.2 + 5.7" 

Results are presented as percent + SEM. 


“Significantly different (actual, P < 0.0125) compared with 0%; overall P < 0.05 maintained by Bonferroni mul 
acm different (actual, P < 0.0063) compared with isoflurane at the same concentration; 
multip 


mparison procedure. 


zation of K*-induced contraction, either halothane or 
isoflurane was added to the bathing solution to 
achieve the equivalent of a3% concentration, and the 
effect on tension was measured. After stabilization of 
anesthetic effect on the K*-induced (30 mM) contrac- 
tion, BAY K8644 (3 x 107? M) was added to the 
solution and the resultant contractile response was 
measured. After plateau of the BAY K8644 effect, 
anesthetic was removed from solution, and the effect 
of BAY K8644 without anesthetic was observed until 
stable. Parallel controls were performed wherein BAY 
K8644 was added to a K*-induced (30 mM) contrac- 
tion in the absence of any anesthetic, and the tension 
was measured. BAY K8644 (3 x 107” M) was studied 
based on literature indicating that this concentration 
of BAY K8644 causes maximal contraction of porcine 
coronary and rat femoral and aortic arteries (17-19). 

Up to eight coronary artery segments were studied 
simultaneously. Seventy-two arterial segments from 
10 additional pigs were studied (these animals were 
different from those used in the protocol studying 
small and medium arteries). For each experiment, n 
refers to the number of pigs studied, not the number 
of vessels. For statistical analysis, results from multi- 
ple arterial segments from each pig, studied under 
identical experimental conditions, were averaged to 
obtain mean values for each animal. Data for each 
group are presented as percentages of the maximal 
tension obtained with the initial K*-induced (30 mM) 
contracture. Results are expressed as mean values + 
SEM. An analysis of variance was used to analyze 
data. A P value < 0.05 was considered statistically 
significant. Because only one anesthetic concentra- 
tion was studied, the Bonferroni multiple-compari- 
son procedure was not used. 


Anesthetic Analysis 


Isoflurane or halothane was added to the solution as 
previously described (1). Ninety-five percent O,-5% 


le-comparison procedure. 
P < 0.05 maintained by Bonferroni 


CO, flowing through calibrated anesthetic vaporizers 
was bubbled through ISM in special glass columns 
saturating the ISM with the appropriate percent of 
volatile anesthetic agent. The ISM, equilibrated with 
anesthetic, was then pumped to the muscle chambers 
through water-jacketed glass tubing with a peristaltic 
ump. 
P The apparatus was sealed to maintain appropriate 
anesthetic concentrations. For every experiment at 
each incremental anesthetic concentration, electron 
capture gas chromatographic measurement using 
heptane extraction was performed to document the 
actual anesthetic concentrations in the ISM bathing 
the arterial segments (1,20). Each perfusate sample 
was taken from the region immediately adjacent to 
the arterial segment under study. Targeted anesthetic 
concentrations in micrograms of anesthetic per milli- 
liter of ISM were as follows: halothane 32, 64, 128, 
and 192; and isoflurane 21, 43, 86, and 128, respec- 
tively. Based on anesthetic solubility coefficients, 
these concentrations correspond to anesthetic con- 
centrations for ISM at 37°C equilibrated with 0.5%, 
1.0%, 2.0%, and 3.0% of the volatile agent, respec- 
tively (21). Anesthetic concentrations were always 
increased incrementally in the orders just described. 
Randomization of the order of anesthetic concentra- 
tions tested was not done because of our concern that 
prolonged effects from higher concentrations might 
influence results seen with lower concentrations (22). 


Results 
Variable-Diameter Protocol 


Results are presented in Table 1 and Figures 1 and 2. 
In small (0.5-1.0 mm OD) coronary arteries previ- 
ously constricted with K* (30 mM), halothane pro- 
duced significant relaxation at 0.5%, 1.0%, 2.0%, and 
3.0% concentrations (P < 0.0125). In medium 
(1.0-1.5 mm OD) coronary arteries, halothane pro- 
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Figure 1. A. K*-induced (30 mM) (Kao) sustained contraction of small (0.5-1.0 mm OD) and medium (1.0-1.5 mm OD) porcine coronary 
arteries relaxed by halothane (H) in a dose-dependent fashion. B. K*-induced (30 mM) sustained contraction of small (0.5-1.0 mm OD) and 
medium (1.0-1.5 mm OD) porcine coronary arteries relaxed by isoflurane (I) only at 3.0% vol/vol. 
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2. Relaxation of K*-induced (30 mM) (K30) contraction in 
small (0.5-1.0 mm OD) and medium (1.0-1.5 mm OD) porcine 
coronary arteries exposed to halothane or isoflurane 0.5%, 1.0%, 
2.0%, and 3.0% vol/vol occurring in a dose-dependent fashion. 


duced significant relaxation of K*-induced (30 mM) 
contractions at 1.0%, 2.0%, and 3.0% concentrations 
(P < 0.0125). There were no significant differences in 
coronary artery responses to halothane that were 
dependent on vessel diameter. 

In small coronary arteries previously constricted 
with K* (30 mM), isoflurane caused significant relax- 


ation only at the 3.0% concentration (P < 0.0125). 
Isoflurane in medium coronary arteries also caused 
significant relaxation only at 3.0% (P < 0.0125). There 
were no significant differences in coronary artery 
responses to isoflurane that were dependent on cor- 
onary artery diameter in the range tested. 

In medium (1.0-1.5 mm OD) coronary arteries, 
halothane caused more relaxation of K*-induced con- 
tractions than did isoflurane at the 2.0% and 3.0% 
concentrations (P < 0.0063). In small (0.5-1.0 mm 
OD) coronary arteries previously constricted with 
K*, halothane caused more relaxation than did isof- 
lurane at the 1.0%, 2.0%, and 3.0% concentrations 
(P < 0.0063). ) 


BAY K8644 Protocol 


Results are shown in Table 2 and Figure 3. In control 
experiments the addition of BAY K8644 to K*- 
preconstricted coronary artery segments in the ab- 
sence of halothane caused significant increases in 
contractile tension. The addition of (supraclinical) 3% 
halothane to K*-preconstricted coronary artery seg- 
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Table 2. Effect of BAY K8644 on K*-Induced Contraction in Porcine Coronary Artery Segments With and 








Without Anesthetic 
Percent maximal K*-induced (30 mM) contraction 
(D) 
Increase in 
(A) (C) contractile 
K* 3% tension caused by (E) 
(30 mM) Anesthetic Anesthetic BAY K8644 BAY K8644 
contraction added BAY K8644 (C — B) Postanesthetic 
Halothane 
(n = 10, 20 segments) 100 31.3 + 7.7 76.5 + 7.7 45,2° 141.3 + 6.5° 
Control 
(n = 10, 20 segments; no halothane) 100 103.2 + 7.6 151.5 + 7.8 48.3 141.7 + 6.7 
Isoflurane 
(n = 9, 16 segments) 100 97.5 + 3.6 154.8 + 8.7" 57.37 171.8 + 10.0 
Control 
(n = 9, 16 segments; no isoflurane) 100 101.6 + 4.6 147.4 + 8.7 45.3 145.4 + 10.0 
Results are presented as percent + SEM. 
“Significantly different compared with 3% anesthetic without BAY K8644 (P < 0.05). 
‘Not significantly different compared with control. 
“Significantly diferent compared with control before BAY K8644 (P < 0.05). 
A. HALOTHANE 1000 mg L. 
2 min 


A 
K30 3% 3% 
H Bay 


B. ISOFLURANE 


me 


K30 3% 3% | 


Figure 3. A. BAY K8644 (Bay K) added to Kt-induced (30 mM) 





A 


| Off 
Bay K 


(Kæ) contraction of epicardial porcine coronary artery segments 


(1.5-2.0 mm OD) in the presence of 3% halothane (H). B. BAY K8644 added to K~-induced (30 mM) contraction of epicardial porcine 
coror.ary artery segments (1.5-2.0 mm OD) in the presence of 3% isoflurane (1). 


ments caused significant relaxation, which was partly 
reversed by the addition of BAY K8644. The magni- 
tude of the BAY K8644-induced increased contraction 
in the presence of halothane was not statistically 
different from that seen by the addition of BAY K8644 
in control experiments (halothane absent). After re- 
moving halothane from the BAY K8644-exposed seg- 
ment, tension increased, resulting in a final tension 
that was not significantly different from the control 
segment exposed to BAY K8644 only. 

In control experiments the addition of BAY K8644 


to K‘-constricted coronary artery segments in the 
absence of isoflurane caused significant increases in 
contractile tension. The addition of isoflurane (3.0%) 
to coronary arteries previously constricted with K* 
(30 mM) did not significantly decrease contractile 
tension. The addition of BAY K8644 to K*-contracted 
arteries exposed to 3% isoflurane caused a significant 
increase in contractile tension. The increase in ten- 
sion by BAY K8644 in both control and isoflurane- 
exposed arterial segments was not significantly dif- 
ferent. Removal of isoflurane from the BAY K8644- 
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exposed segments caused an increase in contractile 
tension. The final tension was not significantly dif- 
ferent from that seen in the control arterial segments 
contracted with K* and exposed to BAY K8644 in the 
absence of isoflurane. 


Anesthetic Concentration 


Concentrations described earlier refer to target con- 
centrations for anesthetic in ISM saturated with 0.5%, 
1.0%, 2.0%, and 3.0% vol/vol of the volatile agent, 
respectively. Actual measured anesthetic concentra- 
tions (+sSEM) in the bathing solutions for the halothane 
experiments correspond to 0.45% + 0.02%, 1.02% + 
0.03%, 2.03% + 0.08%, and 3.17% + 0.12%. Concen- 
trations for isoflurane correspond to 0.52% + 0.015%, 
0.98% + 0.027%, 1.96% + 0.07%, and 2.99% + 0.09%. 


Discussion 


Our study examined the effect of isoflurane and 
halothane on previously constricted coronary vessels. 
The vessels studied were not epicardial but endocar- 
dial and are distal to large epicardial vessels but 
proximal to arterioles. Our findings show that 
halothane causes more relaxation than isoflurane in 
small (0.5-1.0 mm OD) and medium (1.0-1.5 mm OD) 
porcine coronary artery segments preconstricted with 
K* (30 mM). Although there appeared to be a tendency 
for both isoflurane and halothane to relax small arteries 
more than medium arteries, we could not demonstrate 
a significant effect of coronary artery diameter on the 
responses of coronary artery segments to isoflurane 
or halothane. These results are consistent with our 
previous work (1) in large porcine coronary arteries 
(1.5-2.0 mm OD), which reported that halothane re- 
laxed K*-constricted (30 mM) arteries more than did 
isoflurane. 

Sill et al. (2) have shown isoflurane at concentra- 
tions of 21.5% to cause decreased coronary vascular 
resistance in intact dogs, implying coronary dilation. 
Our results are consistent with such a dose-related 
effect of isoflurane and halothane on the coronary 
circulation relative to clinical concentrations. 

Large (2 mm OD) versus small (0.5 mm OD) canine 
coronary arteries have been shown to have variable 
responses to nitroglycerin and adenosine (23,24). 
Nitroglycerin caused greater relaxation of large ves- 
sels than small; adenosine caused greater relaxation 
of small vessels than large. We hypothesized that 
response to isoflurane and halothane would be vari- 
able as a function of arterial diameter in arteries 
0.5-1.0 versus 1.0-1.5 mm OD. Although there ap- 
peared to be a tendency toward this, it was not 
statistically significant in the vessel diameters stud- 
ied. Little effect with isoflurane was seen at concen- 


ANESTH ANALG 
1992;75:9-17 


trations of <3%, suggesting that at least in pigs, 
direct coronary vasodilating actions of isoflurane, if 
present, must be occurring in vessels of <0.5 mm 
OD. Research on distribution of coronary vascular 
resistance shows 75% of coronary vascular resistance 
to be distal to 0.2 mm OD (25,26). Isoflurane and 
halothane may be acting on coronary arteries of 
<0.5 mm OD. 

In contrast, Hatano et al. (27) did report isoflurane 
and halothane to have differential effects in large 
versus small canine coronary arteries previously con- 
stricted with KCl. They found halothane-induced 
relaxation to be greater in large coronary arteries 
(>2.5 mm OD) than in distal smaller vessels 
(0.7-0.9 mm OD). They observed that relaxation by 
isoflurane was greater in small versus large coronary 
arteries. Our results show no significant isoflurane- 
induced relaxation of K*-contracted (30 mM) porcine 
small, medium, or large coronary arteries at validated 
concentrations of <3.0% isoflurane (1). Further, our 
previous (1) and present results show that halothane 
consistently relaxes preconstricted coronary arteries 
more than equal concentrations of isoflurane in large, 
medium, and small porcine coronary arteries. This 
differs from the results that Hatano et al. (27) re- 
ported, which showed isoflurane to cause greater 
relaxation than halothane of KCl-induced contraction 
in small canine coronary arteries. 

Differences between our findings in pigs and the 
Hatano et al. (27) findings in dogs may be explained 
by (a) different concentrations of the agents studied 
and (b) porcine versus canine preparation or (c) 
effective chemical denervation of the porcine prepa- 
ration but not of the canine preparation. 

It is common for anesthesiologists to refer to vol- 
atile anesthetic concentrations in MAC increments. 
We believe that because MAC refers to anesthetic 
potency as measured by gross motor responses 
(movement) to noxious stimuli and does not measure 
potency with respect to other physiologic parame- 
ters, including myocardial or vascular muscle depres- 
sion, comparisons of equal concentrations of anes- 
thetics, not MAC increments, were appropriate for 
these experiments. Hatano et al. (27) chose instead to 
compare MAC equivalents (1, 2, and 3 MAC) of 
isoflurane versus halothane (isoflurane 1.2%, 2.3%, 
3.5% versus halothane 0.8%, 1.5%, 2.3%). At clini- 
cally relevant anesthetic concentrations, 1 MAC 
halothane versus 1 MAC isoflurane caused signifi- 
cantly greater relaxation in large canine coronary 
arteries with no significant difference in small coro- 
nary arteries. They did show isoflurane to cause 
greater relaxation of small versus large canine coro- 
nary arteries, becoming most apparent at 3 MAC 
(3.5% isoflurane versus 2.3% halothane). 

There appear to be significant differences in the in 
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vitro responses of canine and porcine coronary artery 
segments to isoflurane and halothane (1, 13, 28). 
Blaise et al. (13) reported that isoflurane inhibits 
serotonin dose-response curves in both porcine and 
canine epicardial arteries but that the inhibition in 
canine and not in porcine coronary segments is 
endothelial dependent. In our protocol, coronary 
artery segments were chemically denervated to study 
the direct effects of halothane versus isoflurane. Mul- 
doon et al. (29,30) showed that isoflurane and 
halothane inhibit norepinephrine release from vascu- 
lar adrenergic nerve endings during sympathetic 
nerve stimulation. The effects of the anesthetics on 
adrenergic endings may explain some differences 
between our denervated porcine preparation and the 
Hatano et al. (27) nondenervated canine preparation, 
but this is not clear. 

The complete mechanism of volatile anesthetic 
depression of cardiac and vascular contractile force 
remains unknown. Volatile agents do affect intracel- 
lular Ca** release, decrease intracellular Ca** accu- 
mulation in sarcoplasmic reticulum, and have some 
direct effect on contractile proteins (3-12). Halothane 
has been shown to depress slow cardiac action poten- 
tials in partially depolarized papillary muscle cells, an 
effect interpreted as depression of Ca** influx 
through slow channels (7-12). Bosnjak et al. (31) 
recently reported isoflurane, halothane, and enflu- 
rane to have similar concentration-dependent depres- 
sive effects on Ca** channel currents in canine ven- 
tricular cells. 

To investigate the possible mechanisms for differ- 
ences observed between halothane and isoflurane on 
coronary arteries in vitro, we studied the capacity of 
BAY K8644 to contract previously constricted porcine 
coronary arteries in the presence of 3% isoflurane or 
halothane. BAY K8644 is a dihydropyridine analogue 
that stimulates vascular contractions and augments 
cardiac twitch tension contraction. The effects of BAY 
K8644 have been shown to be mediated by activation 
of voltage-sensitive Ca** channels, increasing the 
influx of Ca** into the cell (32,33). BAY K8644 (3 x 
1077 M) was studied based on previously published 
work showing this concentration of BAY K8644 to 
cause maximal contraction of porcine coronary and 
rat femoral and aortic artery contraction. 

The addition of BAY K8644 to coronary segments 
previously constricted by K* (30 mM) and exposed to 
halothane or isoflurane would be expected to contract 
the segments. This contraction should be influenced 
by (a) the capacity of the anesthetic to inhibit BAY 
K8644-enhanced Ca** entry through the BAY K8644 
activation of potential-sensitive Ca** channels, or (b) 
the BAY K8644-mediated increase in intracellular 
Ca** acting to reverse anesthetic effect on intracellu- 
lar contractile mechanisms, or both. 
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We found that BAY K8644-induced contraction in 
the presence of supraclinical 3% halothane or isoflu- 
rane was not significantly different from that seen in 
control vessels exposed to BAY K8644 without anes- 
thetic (Table 2, column D). Halothane initially de- 
creased K*-induced contraction, which was then 
increased by the addition of BAY K8644. This increase 
was not significantly different from that observed in 
control experiments. Subsequent removal of 
halothane, with BAY K8644 remaining, resulted in 
increased contraction equal to the initial depression 
caused by halothane. Isoflurane caused no significant 
decrease in K*-induced contraction, and the addition 
of BAY K8644 caused an increase in contraction not 
significantly different from control experiments. 

These results are complex to interpret because of 
the multiple potential effects of the anesthetics on 
vascular smooth muscle. Possible interpretations 
could include (a) little effect of these agents on BAY 
K8644-activated channels, and (b) partial inhibition of 
BAY K8644-activated channels combined with partial 
reversal of intercellular effects of the anesthetics 
through Ca** entry enhanced by BAY K8644. 

We had expected the inhibition of BAY K8644- 
induced contraction by isoflurane and halothane. 
This was not seen. Whether this reflects a difference 
between activation of Ca** channels by depolariza- 
tion versus pharmacologic means is not known be- 
cause Ca** currents have not been measured. Elec- 
trophysiologic techniques measuring the anesthetic 
effect on vascular smooth muscle ion fluxes will be 
required to clarify this question. 

In the BAY K8644 protocol, 3% isoflurane did not 
relax the K*-preconstricted coronary artery segment. 
This is different from the effect of 3% isoflurane 
observed in the other protocol but may be explained 
by a methodologic difference. In our other protocols, 
anesthetic was added in increments up to 3% over 
1-1.5 h. In the BAY K8644 protocol, isoflurane or 
halothane was added only at 3%. The anesthetic 
dose-response curve method previously used may 
have had a cumulative effect, making the vessel relax 
more than when exposed to 3% anesthetic all at once. 
This is not uncommonly seen with contractile ago- 
nists when this in vitro preparation is used. Addi- 
tionally, the BAY K8644 protocol vessels were not 
functionally denervated as they were in other porcine 
protocols. 

Reversal of 3% halothane-induced relaxation of 
K*-constricted arterial segments by BAY K8644 (3 x 
1077 M) was not complete. It is possible that a higher 
concentration of BAY K8644 may have caused more 
complete reversal of the anesthetic-induced relax- 
ation; however, the concentration of BAY K8644 
studied has previously been shown to maximally 
contract porcine coronary arteries. It is also possible 
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that the high concentration of BAY K8644 used may 
have masked inhibitory effects of isoflurane and 
halothane on the BAY K8644-activated channels. 

The effects of isoflurane and halothane on the 
coronary circulation are clearly mediated by direct 
and indirect actions on the coronary arteries. Indirect 
effects on systemic hemodynamics, myocardial me- 
tabolism, and contractility have great effects on cor- 
onary blood flow. Larach et al. (34), using modified 
Langendorff isolated perfused rat hearts arrested 
with tetrodotoxin (a Na* channel blocker), have 
shown isoflurane and halothane to have equipotent 
direct vasodilating effects on coronary resistance ves- 
sels. Indirect effects of these agents must be consid- 
ered when discussing their in vivo actions on the 
coronary circulation. 

Concern about the clinical safety of isoflurane in 
patients with coronary artery disease was raised in 
1983 when Reiz et al. (35) reported electrocardio- 
graphic (ECG) and lactate extraction signs of ischemia 
in 10 of 21 (47%) patients anesthetized with isoflurane 
undergoing major vascular surgery. In a subgroup of 
these patients (two of five who had ischemic 
changes), the ECG reverted to normal with normal- 
ization of coronary perfusion pressure and heart rate 
to awake values. In the remaining three patients in 
this subgroup, ECG changes consistent with ischemia 
persisted. Coronary blood flows were increased in 
these patients. The authors contended that isoflurane 
was a potent coronary dilator and that the observed 
ischemia was due to coronary steal. 

Work done since then (3642) has shown the 
incidence of ischemia in this patient population to 
range from 18% to 44% intraoperatively and to not 
always be associated with hemodynamic changes. 
Thus, the ECG changes observed by Reiz et al. (35) 
may not have been isoflurane induced but may have 
been more a reflection of the ongoing coronary artery 
disease process in this patient population. 

The present study showing halothane to cause 
greater in vitro relaxation of small and medium 
coronary artery segments than isoflurane adds to our 
knowledge of the effects of these agents on the 
coronary circulation. Isoflurane in vitro appears not 
to be a potent coronary artery dilator at clinically 
relevant concentrations. This is supported by the 
work of Hatano et al. (27), where concentrations 
>1 MAC were needed for significant effects to be 
seen. Our experiments were performed on coronary 
vessels of >0.5 mm OD and may not necessarily 
apply to smaller vessels. Recent research (25,26) on 
distribution of coronary vascular resistance shows 
75% of coronary vascular resistance to be distal to 
0.2 mm OD. Isoflurane (and halothane) may act 
primarily on coronary arteries with less than the 
0.5 mm OD we tested. Although this is possible, the 
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report by Sill et al. (2) concluded that isoflurane- 
treated coronary arterioles in the intact dog showed 
no decreases in coro vascular resistance at con- 
centrations <1.5 MAC. Thus, it appears that at the 
small artery and microcirculatory levels, isoflurane at 
clinically relevant concentrations is not a potent cor- 
onary dilator. Certainly, isoflurane and halothane are 
not as potent as nitroglycerin and adenosine in relax- 
ing coronary arteries. This has been shown by Ha- 
tano et al. (27) in vitro and Hickey et al. (43) in vivo in 
dogs. 

Under special conditions, avoided in clinical situ- 
ations, isoflurane has been shown to cause coronary 
steal in dogs with (a) collateral coronary anatomy, (b) 
1.2%-1.5% MAC isoflurane, and (c) coronary perfu- 
sion pressure decreased to the point where wall 
motion abnormalities are present (44). Results of 
recent large-outcome studies (45-48) showing that 
choice of anesthetic technique does not influence 
outcome would suggest that animal studies showing 
isoflurane-associated steal under special conditions 
are not applicable to the clinical situation. 

We conclude that halothane caused greater relax- 
ation than isoflurane of small (0.5-1.0 mm OD) and 
medium (1.0-1.5 mm OD) functionally denervated 
porcine coronary artery segments previously con- 
stricted with K* (30 mM). In the preparation studied, 
there was no variable response to isoflurane or 
halothane based on vessel diameter. Isoflurane at clin- 
ically relevant concentrations was not able to relax 
preconstricted coronary arteries. We further conclude 
that neither halothane nor isoflurane, in supraclinical 
concentrations (3%), was able to inhibit coronary 
contraction induced by BAY K8644 (3 x 107” M). 
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Infrarenal aortic cross-clamping is associated with 
impairment of renal hemodynamics due to vasocon- 
striction, the mechanism of which remains under 
debate. To assess the renal effect of two potent renal 
vasodilators (enalapril, a converting enzyme inhibi- 
tor, and nicardipine, a calcium antagonist), 24 pa- 
tients scheduled for reconstructive aortic surgery 
were randomly allocated to one of three treatment 
groups (n = 8 each) and received either a placebo, 
nicardipine, or enalapril. Anesthesia consisted of 
flunitrazepam, fentanyl, pancuronium, and, occa- 
sionally, droperidol. Although aortic cross-clamping 
was associated with no change in mean arterial blood 
pressure, decreased cardiac output and increased 
systemic vascular resistance occurred in control pa- 
tients (33% and 43%, respectively, both P < 0.05 
versus baseline) and nicardipine-treated patients 
(51.7% and 67.7%, respectively, both P < 0.05 versus 
baseline); however, changes in cardiac output and 


quired for abdominal aortic reconstructive 
surgery, is associated with well-documented 
alterations in systemic hemodynamics, namely, de- 
creased cardiac output and increased systemic vascu- 
lar resistance (1-3). A consistent reduction in renal 
plasma flow and a decrease in glomerular filtration 
rate (GFR), attributed to renal vasoconstriction, have 
also been observed during and after aortic cross- 
clamping (4), but the underlying mechanisms are not 
understood (5). Nevertheless, postoperative acute 
renal failure, the most frequent complication after 
aortic reconstruction (6,7), may result, at least in part, 
from these alterations in renal hemodynamics (4,5). 
Converting enzyme inhibitors (CEIs) are pharma- 
cologic blockers of the renin-angiotensin system and 


(ae of the infrarenal aorta, as re- 
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systemic vascular resistance failed to reach signifi- 
cance in enalapril-treated patients. Glomerular filtra- 
tion rate (technetium 99~diethylenetriaminepenta- 
acetic acid clearance) and effective renal plasma flow 
(iodo-Hippuran 131 clearance) decreased for the du- 
ration of aortic cross-clamping in control patients 
(42.9% and 18.5%, respectively, both P < 0.05 versus 
baseline) and enalapril-treated patients (34.0% and 
38.1%, respectively, both P < 0.05 versus baseline), 
but no change was observed in nicardipine-treated 
patients. These results suggest that the renin- 
angiotensin system is not an important determinant 
of the renal vasoconstriction associated with aortic 
cross-clamping. In contrast, renal dysfunction may be 
alleviated by the dihydropyridine derivative nicar- 
dipine, which probably acts at the level of the pre- 
glomerular resistance vessels. 

(Anesth Analg 1992;75:18-23) 


can improve renal circulation when the renin- 
angiotensin system is activated (8,9). Because plasma 
renin activity has been found to be increased during 
aortic cross-clamping (10,11), it is conceivable that 
CEI administration could blunt the renal hemody- 
namic changes associated with abdominal aortic sur- 
gery. On the other hand, calcium antagonists (long- 
lasting voltage-operated channel antagonists) 
decrease renal response to different vasoconstrictor 
agents (12,13) and have attenuated renal failure in 
various experimental (14,15) and some clinical (16) 
studies. 

The purpose of this study was thus to assess the 
effect of enalapril, a CEI, and nicardipine, a calcium 
antagonist, on renal hemodynamics during infrarenal 
aortic surgery. 


Methods 


The study population comprised 24 patients (23 men 
and 1 woman, aged 40-73 yr) scheduled for infrarenal 
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aortic surgery because of aortic aneurysm (n = 8) or 
aortoocclusive disease (n = 16). Patients with previ- 
ous renal dysfunction (serum creatinine >1.8 mg/dL), 
cardiac failure, aortic thrombosis, long-term treat- 
ment with calcium antagonists or CEIs, or who had 
undergone emergency surgery were not included. 
No renal artery stenosis was detectable on angiogra- 
phy. Preoperative therapy (nitrates, n = 4; methyl- 
dopa, n = 1) was maintained until day of surgery, but 
diuretics (n = 3) were withdrawn 4 days before 
surgery. The protocol was approved by the Commit- 
tee for Ethics in Clinical Research of our institution, 
and informed consent was obtained from each pa- 
tient. 

Two days before surgery, patients were allocated 
to one of three groups in randomized, double-blind 
fashion: control group (CTL, n = 8), nicardipine 
group (NIC, n = 8), enalapril group (ENA, n = 8). 
The ENA group received enalapril (10 mg twice 
daily), whereas the CTL and NIC groups received a 
placebo (1 tablet twice daily). The last dose of either 
enalapril or placebo was given at the time of prean- 
esthetic medication, approximately 2 h before sur- 
gery. Both treatments were well tolerated. At skin 
incision, nicardipine was administered to the NIC 
group (2-mg IV bolus injection, then 2 mg/h), and 
placebo (5% glucose solution) was infused in patients 
in both of the other groups. 

In all patients, a peripheral vein was cannulated 
before anesthesia, then a 7F thermodilution pulmo- 
nary catheter was inserted through the internal jug- 
ular vein; a radial artery catheter and a Foley urinary 
bladder catheter were inserted after the induction of 
anesthesia. The aorta was approached by means of a 
median laparotomy. 

Preanesthetic medication consisted of fluni- 
trazepam (1 mg orally). Anesthesia was induced and 
maintained with fentanyl (0.006 mg/kg, then 
0.006 mg:ke~*-h~*), flunitrazepam (0.03 mg/kg), and 
pancuronium (0.1 mg/kg). Ventilation was controlled 
with 50% nitrous oxide and oxygen to ensure normal 
arterial blood gases. 

When mean arterial blood pressure (MAP) ex- 
ceeded 105 mm Hg, additional doses of fentanyl (0.1 
or 0.2 mg) and droperidol (2.5-mg bolus injection, 
repeated if necessary) were added. Intravenous fluid 
(crystalloid, colloid, or blood) was infused to main- 
tain MAP, pulmonary capillary wedge pressure 
(PCWP), and hematocrit above 60 mm Hg, 8 mm Hg, 
and 28%, respectively. 

Systemic and renal hemodynamics were measured 
at three time periods, as follows: after induction of 
anesthesia and during surgical approach to the aorta 
(preclamp period), during aortic cross-clamping 
(periclamp period), and after declamping and distal 
revascularization (postclamp period). Heart rate, 
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MAP, PCWP, and cardiac output were recorded and 
blood samples withdrawn at the midpoint of each 
clearance period (20-30 min each). Glomerular filtra- 
tion rate and effective renal plasma flow (ERPF) were 
estimated irom clearance of technetium 99-diethyle- 
netriaminepenta-acetic acid (DTPA) and iodo- 
Hippuran 131, respectively, with the continuous in- 
fusion technique described for this laboratory (9,17). 
Fractional sodium excretion was calculated as sodium 
clearance/DTPA clearance x 100, where clearance 
was calculated as urinary concentration X urinary 
output/plasma concentration. 

Data are expressed as mean values + SEM. Two- 
way repeated measures analysis of variance and 
Student's t-test with Bonferroni's correction were 
used to assess significance between and within 
groups. A P value <0.05 was considered to be the 
minimal level of significance. 


Results 
Baseline Variables 


As shown in Table 1, the three groups were similar 
with regard to clinical characteristics, preoperative 
serum creatinine, and arterial pressure. Overall, in- 
duction of anesthesia was followed by a consistent 
but limited (no vasopressor was given in any group) 
decrease in arterial pressure in the three groups. This 
change was more marked in the ENA group (P < 0.05 
versus both NIC and CTL groups). During the initial 
phase of operation (from induction of anesthesia to 
skin incision), less volume infusion was required to 
maintain MAP in the NIC group (P < 0.05 versus 
both ENA and CTL groups). However, volume infu- 
sion requirements for the entire procedure were not 
different, and hematocrits were similar, in the three 
groups at any time during surgery. Of note, the CTL 
group, and to a lesser extent the ENA but not the NIC 
group, required droperidol. In addition, no bradycar- 
dia (heart rate <40 beats/min) was observed in any 
group. 


Effect of Aortic Cross-Clamping on 
Systemic Hemodynamics 


During the preclamp period, systemic hemodynamic 
variables (Table 2) were similar in the three groups, 
except for heart rate, which was higher in the NIC 
group (P < 0.05 versus CTL group). During aortic 
cross-clamping, MAP and PCWP were not signifi- 
cantly altered in any group. Cardiac output decreased 
significantly in the CTL and NIC groups (33% and 
43%, respectively, both P < 0.05 versus baseline) and 
only to a moderate extent (—9%, P = NS) in the ENA 
group. In fact, calculated stroke volume and stroke 
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Table 1. Clinical Characteristics and Perioperative Data for 24 Patients in the Three Study Groups 
Study group 
Control Nicardipine Enalapril 
(n = 8) (n = 8) (n = 8) P value 
Clinical 
Age (yr) 63 +1 63 +3 58244 
Weight (kg) 70.4 + 1.9 65.9 + 2.3 70.3 + 5.7 
Serum creatinine (mg/dL) 1.37 + 0.07 1.39 + 0.06 1.52 + 0.11 
MAP (mm Hg) 86.0 + 6.9 93.7 + 1.7 86.7 + 7.4 
Surgical 
Aortoocclusive disease/aortic 4/4 5/3 7/1 
aneurysms 
Clamping time (min) 37.9 + 4.1 40.4.4 2.9 44.1 + 8.3 
Anesthesia 
Fentanyl (ugh) 6.7 + 0.4 6.4+0.1 7.1 + 0.5 
Droperidol (mg/kg) 0.28 + 0.01 0 0.13 + 0.04 ave 
MAP un (mm Hg) 72.1 + 4.7 78.6 + 4.6 61.5 + 3.0 as 
Volin (L) 1.03 + 0.1 0.47 + 0.12 0.84 + 0.1 a? 
Voliot (L/h) 1.22 + 0.08 0.99 + 0.1 1.10 + 0.07 


MAP, mean arterial blood 


+ MAP nin, lowest MAP after induction of anesthesia; Volw, volume injected initially (from induction to surgical 


pressure 
incision); Volo total volume infused (per hour of surgery). 
Data are expressed as mean values + SEM. 
*P < 0.05 nicardipine-treated versus enalapril-treated patients. 
bP < 0.05 controls versus nicardipine-treated patients. 
“P < 0.05 control group versus enalapril-treated patients. 


volume index decreased uniformly in all three groups 
(data not shown). Systemic vascular resistance in- 
creased in the CTL and NIC groups but not in the 
ENA group. 

Clamp removal was followed by no further change 
in MAP and PCWP, but heart rate increased in the 
ENA and NIC groups. After declamping, cardiac 
output increased, whereas systemic vascular resis- 
tance decreased in the CTL and NIC groups but 
without reaching preclamp values. 


Effect of Aortic Cross-Clamping on 
Renal Hemodynamics 


As shown in Table 3, renal variables were similar in 
the three groups during the preclamp period, except 
for absolute and fractional excretion of sodium, 
which were significantly higher in the NIC group. 
During clamping, both ERPF and GFR decreased in 
the CTL and ENA groups (all P < 0.05 versus 
baseline). Both ERPF and GFR were maintained in 
the NIC group (both P < 0.05 versus CTL group). 
Fraction of cardiac output delivered to the kidneys 
(renal blood flow/cardiac output ratio) increased only 
in the NIC group (data not shown). 

After aortic declamping, changes in renal variables 
reversed in the CTL and ENA groups, but GFR 
remained lower than preclamp values in both groups. 
In the NIC group, ERPF but not GFR was moderately 
altered (Table 3); thus, calculated filtration fraction 


was significantly higher than in both of the other 
groups (28.7% + 1.8% versus 20.8% + 2.5% and 
18.8% + 1.2% in the CTL and ENA groups, respec- 
tively; P < 0.05). 


Postoperative Course 


Arterial pressure returned to preoperative values 
within 24 h. No instance of acute renal failure oc- 
curred postoperatively in any group. On the first 
postoperative day, mean blood urea nitrogen was 2.8 
+ 0.5, 2.5 + 0.5, and 3.3 + 0.5 in the CTL, NIC, and 
ENA groups, respectively (P = N5). 


Discussion 


The present studies, conducted in patients with sup- 
posed euvolemia and no major cardiovascular impair- 
ment, confirm that infrarenal aortic cross-clamping is 
associated with consistent changes in cardiac output 
and systemic vascular resistance as well as significant 
decreases in renal blood flow and GFR. Short-term 
treatment with the CEI enalapril attenuated the acute 
aortic cross-clamping-induced changes in systemic 
but not renal hemodynamics. Continuous infusion of 
the calcium antagonist nicardipine resulted in im- 
proved stability of systemic hemodynamics during 
surgery and diminished the transient aortic cross- 
clamping-associated renal hemodynamic alteration. 
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Table 2. Systemic Hemodynamic Variables in the Three Study Groups 





Study group 
Control Nicardipine Enalapril P value 

HR (beats/min) 

Preclamp 69.0 + 5.1 85.9 + 2.4 77.5 + 4.9 

Periclamp 60.4 + 3.3" 75.5 + 6.2" 66.3 + 4.0* 

Postclamp 61.1 + 4.3 83.5 + 7.0" 75.1 + 3.7 
MAP (mm Hg) 

Preclamp 85.4 + 4.1 89.9 + 2.4 82.3 + 1.7 

Periclamp 84.4 + 3.4 86.4 + 3.7 84.1 + 2.8 

Postclamp 84.9 + 5.0 83.9 + 3.1" 87.5 + 3.7 
PCWP (mm Hg) 

Preclamp 11.6 + 1.6 13.3 + 1.4 14.0 + 1.0 

Periclamp 10.1 + 1.3 13.2 + 1.0 12.0 + 1.1 

Postclamp 9.4 Ł 1.5 12.2 + 2.0 13.0 + 1.5 
CO (L/min) 

Preclamp 7.60.7 8.2 + 0.6 6.5 + 0.9 

Periclamp 5.1 + 0.4" 4.5 + 0.3 5.2 + 0.4 

Postclamp 5.6 + 0.4" 6.8 + 0.5 6.0 + 0.4 
SVR (dyne-s-cm~*) 

p 870 + 109 860 + 67 1020 + 96 
Periclamp 1320 + 156° 1440 + 150° 1212 + 90 
Postclamp 1180 + 154 950 + 75 1110 + 90 


HR, heart rate; MAP, mean arterial blood pressure; PCWP, pulmonary capillary wedge pressure; CO, cardiac output; SVR, systemic vascular resistances; 
Preclamp, period from induction of anesthesia to skin incision; Periclamp, period during aortic cross-clamping; Postclamp, period after declamping and distal 
revascularization 


Data are expressed as mean values + SEM. 
“P < 0.05 versus preclamp values. 
*F < 0.05 controls versus nicardipine-treated patients. 


Arterial Pressure and Systemic Hemodynamics 


Angiotensin-CEIs have proved beneficial and are 
increasingly used in the treatment of hypertensive 
disease and congestive heart failure. One view holds 
that CEI treatment may have deleterious effects at 
time of anesthesia (18). Actually, arterial blood pres- 
sure decreased more in enalapril-treated patients 
than in the other subjects after induction of anesthe- 
sia, but this decrease was moderate and transient. 
These results agree with our previous studies (9,19) 
but differ from those of Kataja et al. (20). Although 
accurate biological assessment of renin-angiotensin 
system blockade was not available in this study, there 
is no doubt that the large doses of enalapril used 
effectively suppressed circulating angiotensin H at the 
time of surgery (21). The discrepancies could perhaps 
be accounted for, at least in part, by differences in 
patient volume status. It is recognized that arterial 
pressure of CEl-treated patients is markedly volume 
dependent (22), and thus low PCWP at induction of 
anesthesia (20) represents an early warning of a 
higher risk of falling arterial pressure. 
Hemodynamic variations before and during 
clamping were almost identical in control and nicar- 
dipine-treated patients and were closely compared 
with other studies (1,4,5,20,23). Most authors agree 
on the existence of decreased cardiac output and 


increased calculated vascular resistances during aor- 
tic cross-clamping, whatever anesthetic is used (23), 
even though magnitudes of reported changes vary 
widely. Gelman et al. (3) hypothesized that the 
decrease in cardiac output may reflect a metabolic 
and hemcdynamic adaptation to the exclusion of 
lower body rather than a deterioration in cardiac 
performance. In the present study, hemodynamic 
changes were less marked in the enalapril-treated 
group. Most of these patients had aortoiliac occlusive 
disease, which might have minimized the effect of 
clamping on systemic hemodynamics (24). However, 
renal impairment during aortic cross-clamping was 
comparable in control and enalapril-treated patients, 
a finding compatible with the idea that alteration in 
systemic hemodynamics is not an important factor in 
the genesis of renal vasoconstriction. 


Renal Hemodynamics 


At present, few studies have reported on renal he- 
modynamics during aortic cross-clamping (4,5,23,25). 
Based on these data, renal vasoconstriction appears 
to mediate the observed decrease in renal blood flow 
and GFR during aortic cross-clamping (4,5), but its 
pathophysiology is unknown. Evidence against a role 
of increased sympathetic renal activity derives from 
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Table 3. Renal Hemodynamics 
Study group 
Control Nicardipine Enalapril P value 
ERPF (mL-min™!-1.73 m~?) 
Preclamp 227 + 62 336 + 90 433 + 193 
Periclamp 185 + 45* 352 + 65 268 + 62" = 
Postclamp 317 + 61 260 + 43 353 + 52 
GFR (mL-min7!1.73 m 
Preclamp 71.4 + 12.5 63.2 + 11.0 74.4 + 15.3 
Periclamp 40.8 + 8,5" 78.9 + 14.3 49.1 + 10.7 
Postclamp 59.6 + 9.0" 71.6 + 10.0 64.0 + 7.4" 
Urine flow (mL/min) 
Preclamp 2.0 + 0.8 1.9 + 0.5 1.0 + 0.2 
Periclamp 0.6 + 0.1 1.6 + 0.6 0.7 + 0.1 ! 
Postclamp 0.7 + 0.1 2541 0.8 + 0.1 ies 
UNaV (mmol-L~?-min7}) | 
Preclamp 28.6 £9 105.3 + 28.8 21.4 + 4.5 re 
Periclamp 15.23 118.5 + 74.4 41.0 + 11.0 ies 
Postclamp 37.6 + 7.8 226.8 + 130.7 45.0 + 10.4" l 
Fena (%) 
Preclamp 0.24 + 0.05 0.76 + 0.21 0.34 + 0.08 pe 
Periclamp 0.28 + 0.06 0.86 + 0.25 0.56 + 0.15" ey 
Postclamp 0.55 + 0.11" 1.16 + 0.35 0.64 + 0.14" | 


ERPF, effective renal plasma flow (Hippuran clearance); GFR, glomerular filtration rate (DTPA clearance); UNaV, urinary sodium excretion; oe fractional 


sodium excretion. (See Table 2 for explanation of Pre-, Peri-, and Postclamp.) 


Data are expressed as mean values + SEM. 

“P < 0.05 versus preclamp values. 

*P < 0.05 control group versus nicardipine-treated patients. 
eP < 0.05 nicardipine-treated versus enalapril-treated patients. 
“P < 0.05 control group versus enalapril-treated patients. 


studies showing that epidural anesthesia or droperi- 
dol-fentanyl anesthesia, which both maintained renal 
hemodynamics before aortic cross-clamping, failed to 
alter aortic cross-clamping-induced changes in renal 
hemodynamics (5,23). Participation of the renin- 
angiotensin system was suspected because plasma 
renin activity was found to be increased during aortic 
cross-clamping (20,25). However, extracellular fluid 
volume expansion, which is known to reduce renin 
dependency of arterial pressure and renal function 
(22), failed to prevent perioperative renal impairment 
during infrarenal aortic surgery (25). Our results, 
showing that CEI pretreatment does not attenuate 
decreased renal blood flow and GFR without renal 
artery stenosis and with a rather stable cardiac out- 
put, further suggest that activation of the renin- 
angiotensin system plays at most a minor role in 
aortic cross-clamping-associated renal alteration. 

An important finding of this study is that nicar- 
dipine treatment prevented renal hemodynamic im- 
pairment during aortic cross-clamping. Mannitol, for 
example, was shown to preserve renal perfusion 
during infrarenal aortic cross-clamping in animals 
(26) but not GFR in humans (25), despite a significant 
increase in cardiac index. Renal preservation cannot 
be attributed to a beneficial effect of nicardipine on 
systemic hemodynamics because neither arterial 


pressure nor cardiac output differed from control 
patients. It thus appears that calcium antagonists act 
at the renal level to alleviate aortic cross-clamping- 
induced renal hemodynamic alteration. The jexact 
mechanism of this beneficial effect remains to be 
defined. It could relate to the previously known (27) 
and presently observed natriuretic effect of hicar- 
dipine. Nonetheless, in previous studies mannitol- 
induced natriuresis was not associated with si 
cant alterations of aortic cross-clamping-in p 
decreases in GFR (25). Second, experimental studies 
based on videomicroscopic as well as clearance and 
micropuncture methods have demonstrated that cal- 
cium antagonists (including nicardipine) may im- 
prove compromised renal circulation and augment 
GFR because of preferential effect at the afferent 
arteriole (12). Specifically, blockade of voltage- 
operated calcium channels may have attenuated a 
myogenic response (28,29) of small arterioles through 
inhibition of a stretch-dependent ion channel] (29). 
Alternatively, the dihydropyridine derivative) may 
have blunted the vasoconstrictive effect of endopep- 
tides such as endothelin (30), a putative mediator of 
acute renal failure (31). The calcium antagonist effect 
of isoflurane, which is comparable to the dihydro- 
pyridine derivative (32), might account for the bene- 

| 

| 
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ficial effect of isoflurane during aortic cross-clamping 
(23). 

Although it is not known whether blunting of 
intraoperative changes in renal hemodynamics asso- 
ciated with aortic clamping and declamping might 
prevent perioperative renal dysfunction, we believe 
that intrarenal vasodilation could help preserve renal 
function during infrarenal aortic surgery. Further 
studies are required in patients at high risk for 
developing renal failure during aortic surgery to 
assess a possible renal protective effect of nicardipine. 
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The perioperative use of hydroxyethyl starch (HES) 
has been implicated as a possible cause of intracranial 
bleeding. The purpose of this study was to compare 
the influence on blood coagulation of the isovolemic 
replacement of 1-L blood loss with either 6% HES 
(molecular weight [MW] average: 450,000) or 5% 
human albumin during neurosurgery or lower ab- 
dominal surgery. Twenty patients scheduled for 
brain tumor surgery and 20 patients undergoing 
transabdominal hysterectomy were studied. The ac- 
tivated partial thromboplastin time, prothrombin 
time, fibrinogen concentration, factor VII coagulant, 
von Willebrand factor antigen, platelet count, and the 
activated clotting time were compared after induction 
of anesthesia, after administration of 500 and 1000 mL 


charide (molecular weight [MW] average: 
450,000), is available in 6% aqueous solution 

for use as a plasma substitute. Desirable characteris- 
tics of HES are its oncotic properties (1), the long 
duration of its hemodynamic effects due to its long 
half-life (2-7), the absence of any risk of transmitting 
infectious diseases, the low incidence of anaphylac- 
toid reactions (8,9), and the low cost compared with 
human albumin (10,11); however, the effect of HES 
on hemostasis is still controversial. Although the 
effect on hemostasis appears to be minimal when 
HES is used in recommended amounts (25 mL/kg 
body wt) (9,12), several authors have demonstrated 
an important influence on the factor VIII complex, 
resulting in a von Willebrand-like syndrome (13-15). 
Several cases of intracranial coagulopathies associ- 
ated with the use of HES have been reported in 
neurosurgical patients when HES was used for per- 
operative intravascular volume replacement during 


l ydroxyethyl starch (HES), a complex polysac- 
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of colloid solution, and 24 and 48 h postoperatively. 
All measured coagulation variables remained within 
physiologic range. Changes in coagulation indices 
were identical in neurosurgical and hysterectomy 
patients, except for a larger increase in fibrinogen 
concentration 24 and 48 h after hysterectomy. The 
acute phase reaction of factor VII coagulant and von 
Willebrand factor, which plays a role in postoperative 
hypercoagulability, was attenuated by the use or 
HES. We conclude that isovolemic replacement of 1-L 
blood loss with either 6% HES (MW average: 450,000 
or 5% human albumin does not interfere with normat 
hemostasis during and after neurosurgery or lower 
abdominal surgery. 

(Anesth Analg 1992;75:24-30} 


aneurysm surgery (16,17) or to treat vasospasm by 
hypervolemic hemodilution (15,18). The common fac- 
tor in these case reports was the use of large amounts 
of HES (>1000 mL) or administration during several 
days. All the patients developed a von Willebrand- 
like and a hemophilia-like syndrome, characterized 
by a marked decrease in factor VII coagulant (VII:C) 
activity and von Willebrand factor antigen (VWF:Ag); 
the activated partial thromboplastin time (aPTT) was 
markedly prolonged. Using thromboelastography, 
Siegel et al. (19) have demonstrated the effects of HES 
(and dextran) on coagulation in vitro: both fibrin 
formation and clot strength were impaired. Stump et 
al. (14) demonstrated the effect of HES on factor VID 
and aPIT by administering 1000 mL of a 6% HES 
solution to healthy volunteers after removal of 
500 mL of blood; the reported decrease in factor VII 
and the prolongation of the aPTT were greater than 
would be expected if they were simply the result of 
hemodilution. It may be that patients undergoing 
brain surgery are especially vulnerable to coagulation 
disorders, possibly as a result of defibrination after 


‘brain tissue destruction (20). Any drug with an effect 


on fibrin clot formation may aggravate the problem. 
The purpose of the present study was to evaluate 


©1992 by the International Anesthesia Research Society 
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the influence of 1000 mL of HES (MW average: 
450,000) on per- and postoperative coagulation and to 
determine whether this influence is different in pa- 
tients undergoing intracranial and intraabdominal 
procedures. One-thousand milliliters of HES is the 
amount of the colloid that is often used clinically 
during the perioperative period. This dose is below 
the recommended upper limit dose of 25 mL/kg, 
which has been shown not to cause any clinically 
significant alteration in coagulation. 


Methods 


The study was approved by the Ethical Committee 
for Research in Patients of the Katholieke Universiteit 
Leuven, and written, informed consent was obtained 
for all patients. Twenty patients scheduled for brain 
tumor surgery and 20 patients scheduled for transab- 
dominal hysterectomy were studied. The expected 
blood loss for each surgical procedure was between 
500 and 1000 mL. All patients were ASA physical 
status classification J or I, were between 18 and 65 yr 
of age, and had a body weight between 60 and 75 kg. 
Exclusion criteria were preexisting coagulopathies; 
abnormal preoperative coagulation screening tests 
(prothrombin time [PT], aPTT, platelet count); intake 
of drugs affecting hemostasis within 2 wk preopera- 
tively (coumarin, heparin, acetylsalicylic acid, estro- 
gens); as well as liver (bilirubin > 1 mg/dL, alkaline 
phosphatase > 135 U/L) or kidney (serum creatinine 
> 1.4 mg/dL) dysfunction (21). 

Within each group, patients were randomly as- 
signed to receive 1000 mL of fluid for volume replace- 
ment, either as a 6% HES (Plasmasteril, Fresenius, 
Germany) or a 5% human albumin solution in 0.9% 
NaCl. Intravascular volume replacement was per- 
formed isovolumetrically, and right atrium pressures 
were continuously measured. If necessary, a hema- 
tocrit of 35% was restored during the first 12 h after 
surgery by administration of erythrocyte concen- 
trates. 

The anesthetic technique included thiopental, fen- 
tanyl, pancuronium, and isoflurane in all patients. 
The lungs of all patients were mechanically ventilated 
with a 60% nitrous oxide in oxygen mixture. 

In each patient, venous blood samples were ob- 
tained from a nonheparinized central venous cathe- 
ter. Sampling times were immediately after induction 
of anesthesia (sample 1), after administration of 
500 mL (sample 2) and 1000 mL (sample 3) of the 
colloid solution, and 24 (sample 4) and 48 h (sample 
5) postoperatively. The following coagulation tests 
were performed on a citrated blood sample at each 
sampling time: aPTT, PT, thrombin time, fibrinogen, 
factor VII:C, and the vWF:Ag. Factor VII:C was 
measured in a one-stage assay adapted to an auto- 
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Table 1. Demographic Variables of 20 Neurosurgery and 
20 Hysterectomy Patients 


Age (yr) Gender distribution 

Study group (mean value + sp) (female/male) 
Hysterectomy 

HES 47 +9 10/0 

HA 47 + 10 10/0 
Neurosurgery 

HES 49 +15 6/3 

HA 49 +15 8/3 


HES, 6% hydroxyethyl starch; HA, 5% human albumin. 


mated coagulometer ACL-810 (IL, Milan, Italy) using 
severe hemophilia A plasma and a micronized silica 
aPTT reagent (IL, Milan, Italy). Pooled plasma, ob- 
tained from 20 healthy donors and calibrated against 
the second international standard for factor VII and 
vWF activities in plasma, was used as a reference in 
all assays. The vWF:Ag was measured with an 
enzyme-linked immunosorbent assay (ELISA) based 
on two murine monoclonal antibodies raised against 
human vWF (22). Platelet count was performed on 
an anticoagulated blood sample (EDTA). An acti- 
vated clotting time was measured with the Hemo- 
chron 400 (International Technodyne Corporation, 
Metuchen, N.J.) on a fresh blood sample. 

Data are reported as mean values and standard 
deviation (sp). One-way analysis of variance with 
Bonferroni's correction and Tukey’s test for multiple 
comparisons were used for statistical analysis, and 
P < 0.05 was considered significant. 


Results 


Although the four treatment groups were identical 
with regard to age and weight, the hysterectomy 
groups obviously included female patients only, un- 
like the neurosurgery groups (Table 1). 

The results of the coagulation tests are summa- 
rized in Tables 2-9. The aPTT did not change signif- 
icantly during the study period (Table 2). Although a 
significant decrease in PT, expressed as percent of 
normal (P < 0.001}, was observed after administra- 
tion of 1 L of colloid solution, as well as 24 h 
postoperatively, the PT returned to normal within 
48 h, and the changes were identical in all treatment 
groups (Table 3). 

In all patients, a significant increase in fibrinogen 
concentration (P < 0.001) was observed 24 and 48 h 
postoperatively (Table 4). The increase in fibrinogen 
concentration was more pronounced in gynecologic 
than in neurosurgical patients; however, no differ- 
ence could be observed between patients receiving 
HES and human albumin in each surgery group. A 
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Table 2. Activated Partial Thromboplastin Time (s) 


a a a a 














Hysterectomy group Neurosurgical group 
l HES HA HES HA 
Sample time (n = 10) (n = 10) (n = 11) (a = 9) 
After induction 31.2 + 2.7 31.5 + 2.1 31.2 + 4.8 29.7 + 5.2 
0.5 L of colloid 31.7 + 6.2 31.5 + 2.9 31.7 + 3.9 29.6 + 4.9 
1 L of colloid 32.8 + 7 31.1 + 3.6 32.4 + 5.6 29.5 + 4.9 
24 h postoperatively 32.6 + 4.5 29.7 + 4.7 32.6 + 3.5 28.3 + 3 
48 h postoperatively 33.8 + 5.5 30.3 +5 30:1 4:23 27.4 + 2.1 
HES, 6% hydroxyethyl starch; HA, 5% human albumin. 
Data are expressed as mean values + sp. 
Table 3. Prothrombin Time (%) 
Hysterectomy group Neurosurgical group 
HES HA HES HA 
Sample time (n = 10) (n = 10) (n = 11) (n = 9) 
After induction 86.3 + 16.7 81.6 + 15.1 84.9 + 17.2 82.7 + 19.6 
0.5 L of colloid 77.4 + 14.7 73.5 + 14.7% 78.7 £ 17.1" 73.6 + 16" 
1 L of colloid 64,5 + 15.8" 67.8 + 15.8" 75.8 + 18.4“ 69.1 + 18.1" 
24 h postoperatively 61.5 + 16" 66.1 + 16.7" 70.9 + 19.64 67.2 + 14.7 
48 h postoperatively 74.6 + 27 79.4 + 17.8 78.7 + 17.8 88.2 + 14.6 
HES, 6% hydroxyethyl starch; HA, 5% human albumin. 
Data are presented as mean values + sp. 
“Change over time, P < 0.001; no significant differences between groups. 
Table 4, Fibrinogen (g/L) 
Hysterectomy group Neurosurgical group 
HES HA HES HA 
Sample time (n = 10) (n = 10) (n = 11) (n = 9) 
After induction 2.20 + 0.47 2.58 + 0.60 2.65 + 0.79 1.98 + 1.07 
0.5 L of colloid 2.01 + 0.39 2.33 + 0.58 2.40 + 0.67 1.75 + 0.80 
1 L of colloid 1.97 + 0.46 2.03 + 0.64 2.58 + 0.71 1.72 + 0.87 
24 h postoperatively 3.37 + 0.81“ 3.71 21,25" 3.17 20.55" 2.33 + 0.66" 
48 h postoperatively 4.60 + 1.25 5.63 + 1.16 4.24 + 0.90 3.07 + 1.17" 


HES, 6% hydroxyethyl starch; HA, 5% human albumin. 
Data are presented as mean values + sp. 
“Change over time, P < 0.001; difference between groups, P < 0.01. 


shortening of the thrombin time was observed at 
sample times 3, 4, and 5 in patients receiving HES 
(Table 5). 

Factors VIU:C and vWF:Ag were significantly in- 
creased (P < 0.001) 24 and 48 h after surgery in the 
groups receiving human albumin (Tables 6 and 7). In 
contrast, no significant changes in factor VII:C and 
vWE:Ag were observed for all measurement times 
when HES was administered. Table 8 shows the 
individual values of factor VIII:C after the adminis- 
tration of 1 L of colloid. Factor VII:C was <40% in 
one gynecologic patient (Table 8). 

Although a significant decrease in platelet count 
was observed at the end of the operation (sample 3), 
the variability among patients was high, and there 


was no difference between treatment groups (Table 
9). 

The activated clotting time values were similar for 
all measurement times and treatment groups; how- 
ever, they were characterized by a large interpatient 
variability (Table 10). None of the patients lost an 
abnormally large quantity of blood or experienced a 
clinically perceptible coagulation disorder. 


Discussion 


We were unable to demonstrate any difference in the 
changes in coagulation between neurosurgical and 
gynecologic patients receiving 1 L of a 6% HES (MW 
average: 450,000) solution for isovolemic intravascu- 
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Table 5. Thrombin Time (s) 
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Hysterectomy group Neurosurgical group 
HES HA HES HA 
Sample time (n = 10) (n = 10) (n = 11) (n = 9) 
After induction 21.1 + 2.4 21.6 + 1.84 20 +21 ` 2824 
0.5 L of colloid 21.9 + 1.5 20.8 + 2.0 18.2 + 1.9 23.0 + 2.6 
1 L of colloid 49217" 20.4 + 2.3° 16.0 + 1.9%” 211925 
24 h postoperatively 16.8 + 2.0"? 19.7 + 3.4? 16.8 + 2.1%% 18.5 + 2.7% 
48 h postoperatively 17.5 + 2.0%" 20.1 + 2.4° T2217" 19.4 + 2.3° 
HES, 6% hydroxyethyl starch; HA, 5% human albumin. 
Data are presented as mean values + sp. 
“Change over time, P < 0.001. 
"Differences between groups, P < C.01. 
Table 6. Factor VM Coagulant Activity (%) 
Hysterectomy group Neurosurgical group 
HES HA HES HA 
Sample time (n = 10) (n = 10) (n = 11) (n = 9) 
After induction 129 + 56 100 + 57 93 + 36 226 + 109 
0.5 L of colloid 148 + 58 117 + 100 106 + 52 228 + 82 
1 L of colloid 113 + 50 144 + 139 87 + 29 216 + 83 
24 h postoperatively 109 + 66° 226 + 140"? 97 + 41° 383 + 141%? 
48 h postoperatively 147 + 89% 224 + 106%? 136 + 60" 428 + 147°? 
HES, 6% hydroxyethyl starch; HA, 5% human albumin. 
Data are presented as mean values + sp. 
“Difference between groups, P < 0.001. 
*Change over time, P < 0.001. 
Table 7. von Willebrand Factor Antigen (%) 
Hysterectomy group Neurosurgical group 
HES HA HES HA 
Sample time (n = 10) (n = 10) (n = 11) (n = 9) 
After induction 144 + 47 112 + 53 125 + 41 144 + 66 
0.5 L of colloid 201 + 249 111 + 51 111 + 52 118 + 24 
1 L of colloid 122 + 53 106 + 53 104 + 33 118 + 36 
24 h postoperatively 130 + 57 187 + 50%? 100 + 51° 170 + 40% 
48 h postoperatively 147 + 78" 256 + 32% 130 + 64* 212 + 6m 


HES, 6% hydroxyethyl starch; HA, 5% human albumin. 
Data are presented as mean values + sp. 

“Change over time, P < 0.001. 

Difference between groups, P < 0.01. 


lar volume replacement. Moreover, all the changes in 
coagulation that could be observed in patients treated 
with 1 L of a 6% HES or a 5% human albumin 
solution were within physiologic limits and did not 
interfere with normal hemostasis. Therefore, 1 L of a 
6% HES or a5% human albumin solution appears to 
be devoid of any negative influence on coagulation in 
surgical patients; however, these conclusions may 
not be valid if larger amounts of colloids are admin- 
istered. There may also be a difference between 
neurosurgical patients and patients undergoing other 
types of surgery in these circumstances. 


Although the gender distribution of both surgery 
groups was obviously different, patients treated with 
estrogens were excluded. No major differences have 
been reported between coagulation in male and fe- 
male patients. Moreover, the gender distribution of 
patients receiving HES or human albumin was iden- 
tical. 

An important observation appears to be the effect 
of HES on the factor VII complex. Bleeding in a 
neurosurgical patient is obviously disastrous. There- 
fore, it is important that coagulant levels do not 
decrease below dangerous limits. In treating patients 
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Table 8. Individual Values of Factor VIN Coagulant 
Activity (%) After Administration of 1 L of Colloid 


Hysterectomy Neurosurgery 

Patient pe hades ee ee 

No. - HES HA HES HA 

1 78 100 77 111 

2 62 58 98 234 

3 79 110 183 97 

4 55 169 111 71 

5 38 67 86 92 

6 143 200 125 118 

7 63 105 99 77 

8 218 241 54 106 

9 158 67 97 60 
10 79 91 73 
11 79 


HES, 6% hydroxyethyl starch; HA, 5% human albumin., 


with hemophilia A undergoing neurosurgery, most 
hematologists would maintain factor VIII:C activity 
>40%-50%. Although no difference was observed 
between the groups, factor VII:C decreased to 38% of 
the preoperative level after the administration of 1 L 
of HES in one patient undergoing hysterectomy. The 
lowest level of factor VII:C observed in the neuro- 
surgical patients was 54%. The probability that a 
clinically important (factor VII:C < 50%) difference in 
factor VIIC between HES- and human albumin- 
treated neurosurgical patients would have been de- 
tected by the test procedure is 92%, because the 
calculated -error for the observed factor VIII:C value 
of 87% + 29% after 1 L of HES and for the number of 
patients studied is 0.084. Factor VII activity levels 
<50% will certainly be observed when larger patient 
populations are studied; however, the present obser- 
vations suggest that this will be equally frequent after 
1 L of 6% HES or 5% human albumin. 

Although a marked increase in factor VII:C activ- 
ity and vWF:Ag was observed postoperatively in 
patients treated with 1 L of 5% human albumin 
(control group), these coagulation parameters re- 
mained unchanged compared with the preoperative 


Table 9. Platelet Count (platelets x 10°/L) 
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values in patients receiving 1 L of a6% HES solution. 
An increase in factor VIII activity plays a major role in 
postoperative hypercoagulability (12,23). We specu- 
late that the peroperative administration of 1 L of 
HES may exert a protective influence against postop- 
erative thromboembolism by inhibiting the postoper- 
ative increase in factor VII activity and by the rheo- 
logic effect of hemodilution. This speculation is 
supported by the observations of Heilmann et al. 
(24), who found a lower incidence of deep venous 
thrombosis after cesarean section in patients who 
received 1500 mL of HES compared with patients 
treated with low-dose heparin. The effect of HES on 
the factor VIII complex is similar to the effect of 
dextran (25); however, the antihemostatic effect of 
dextran appears to be more pronounced. Although 
HES and dextran are both complex polysaccharides, 
their molecular structures are different, and it has not 
yet been demonstrated that their effects on coagula- 
tion on the molecular scale are identical. 

When compared to baseline, a significant decrease 
in PT values, expressed in percent, was observed 
after administration of 1000 mL of colloid, and 24 h 
after operation. This observation was probably the 
result of dilution of the coagulation factors by approx- 
imately 25%. The PT returned to baseline values 
within 48 h. 

A significant increase in fibrinogen concentration 
was observed in all groups 24 and 48 h after surgery. 
This has been previously reported (23,26) as being the 
result of the acute phase reaction. Of note, the 
increase in fibrinogen appears to be more pro- 
nounced in patients undergoing hysterectomy than 
in neurosurgical patients, probably due to a more 
extensive surgical trauma. This may contribute to the 
high incidence of postoperative thromboembolic ac- 
cidents after lower abdominal surgery. 

The significant shortening of the thrombin times 
after infusion of 1 L of HES, reflecting an accelerated 
conversion of fibrinogen to fibrin, may indicate the 
influence of HES on the polymerization of fibrin 
monomers. This observation is comparable to the 


Hysterectomy group Neurosurgical group 
HES HA HES HA 
Sample time (n = 10) (n = 10) (n = 11) {n = 9) 
After induction 242 + 63 260 + 65 263 + 119 241 + 73 
0.5 L of colloid 263 + 50 233 + 68 264 + 94 231 + 75 
1 L of colloid 231 + 46 205 + 77 264 + 85 217 + 65 
24 h postoperatively 250 + 89 234 + 90 276 + 87 236 + 79 
48 h postoperatively 217 + 58 239 + 70 246 + 70 212 + 89 


HES, 6% hydroxyethyl starch; HA, 5% human albumin. 


Data are presented as mean values + sp. 


~4? 


‘> 
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Table 10. Activated Clotting Time (s) 
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Hysterectomy group Neurosurgical group 
HES HA HES HA 

Sample time (n = 10) (n = 10) (n = 11) (n = 9) 
After induction 143 + 23 123 + 34 136 + 27 157 + 30 
0.5 L of colloid 116 + 37 123 + 13 145 + 34 152 + 32 
1 L of colloid 112 + 38 128 + 27 142 + 35 150 + 27 
24 h postoperatively 107 + 34 135 + 33 151 + 33 152 + 28 
48 h postoperatively 150 + 41 123 + 41 149 + 27 139 + 30 

HES, 6% hydroxyethyl starch; HA, 5% human albumin. 

Data are presented as mean values + sp. 
results of other investigations (27,28) on the in vitro 2. Kraatz J, van Ackern K, Glocke H, Martin E, Peter K, Shmitz E. 


and in vivo effects of HES on the coagulation system. 
This influence may result in friable clots that micro- 
scopically lack a tight meshwork (29,30). 

Because of the high variability and low number of 
patients, this study was not likely to detect a differ- 
ence in platelet count between the groups. The power 
of the study with respect to the platelet count was 
only +0.4; however, to evaluate the statistical power, 
it is necessary to consider the clinical importance of 
the numerical values. To conclude that the effect of 
the treatment on the platelet count would have been 
different, the minimal difference between the groups 
should have been on the order of 80 x 10? platelets/L, 
considering the number of patients and the variability 
observed in this study. Therefore, we cannot exclude 
from the data of this investigation the fact that the 
two treatments may have had different effects on the 
platelet count. However, with regard to the other 
measurements, the variability among patients, com- 
pared with the magnitude of clinically important 
differences, was small enough to conclude that the 
chance of not recognizing a clinically important dif- 
ference between the treatment groups was low, be- 
cause the power of the test for each of these measure- 
ments was sufficiently high to exclude a type II error 
with a probability of +90%. 

In conclusion, the isovolemic volume replacement 
of blood loss with 1 L of a 6% HES (MW average: 
450,000) solution or 1 L of a 5% human albumin 
solution appears not to interfere with normal hemo- 
stasis during and after surgery. Coagulation is iden- 
tical in neurosurgical patients receiving HES or hu- 
man albumin. The peroperative administration of 1 L 
of a 6% HES solution prevents the postoperative 
increase in factor VII:C activity, a factor contributing 
to postoperative hypercoagulability states. 
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The effect of fentanyl on the transfer of small hydro- 
philic molecules across the blood-brain barrier was 
studied in rats by measuring the blood-brain transfer 
coefficient (K,) and the regional cerebral blood flow 
(rCBF) and by calculating the capillary permeability- 
surface area product. In the control group (n = 14), 
after a femoral artery and vein were catheterized 
under isoflurane anesthesia, the rats were allowed to 
remain awake for 1.5 h before measuring K, (n = 8) 
using intravenous “C-a-aminoisobutyric acid or 
rCBF (n = 6) using **C-iodoantipyrine. In the fenta- 
nyl groups, rats were injected with 25 ug/kg (low 
dose) (n = 6) or 100 ug/kg (high dose) of fentanyl (n = 
14), followed by a continuous infusion at a rate of 50 
or 200 ug-kg~*-h7', respectively. Their lungs were 
mechanically ventilated. The K (low dose, n = 6; 
high dose, n = 8) and rCBF (high dose, n = 6) were 
measured 1 h after fentanyl infusion. The K was 


he blood-brain barrier (BBB) is an anatomic and 

functional structure that plays an important 

role in maintaining the homeostasis of the 
brain. An intact BBB is required to protect the brain 
against various circulating molecules and neurotoxins 
in the plasma (1,2). The characteristic property of the 
BBB may be changed with osmotic agents (3), sudden 
hypertension, extreme hypotension with the use of 
vasodilating agents (4,5), trauma, inflammation, an- 
oxia, and seizures (6). 

Recently, Saija et al. (7) demonstrated that both 
pentobarbital and ketamine decreased the transfer of 
small hydrophilic molecules across the BBB even 
though ketamine increased cerebral glucose utiliza- 
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lower in 9 of 13 brain regions in the low-dose fentanyl 
group and in 7 of 13 brain regions in the high-dose 
fentanyl group than in the control animals. The 
average value of K, in all the brain regions was 8.6 + 
4.6 pl-g™*-min™’ in the control group, 5.2 + 
2.9 pL-g~*-min™* in the low-dose fentanyl group, 
and 5.7 + 2.$ uL-g”'-min~* in the high-dose fentanyl 
group. High-dose fentanyl did not significantly affect 
rCBF in any brain region studied. The value of the 
regional permeability-surface area product was simi- 
lar to the corresponding regional K in the groups 
studied. In conclusion, fentanyl decreased the trans- 
fer of small hydrophilic molecules across the blood- 
brain barrier, as demonstrated by a decreased K, and 
permeability-surface area product, without signifi- 
cant changes in rCBF. 

(Anesth Analg 1992;75:31-6) 


tion. Our previous study (8) showed that the blood- 
brain transfer coefficient (K,) for small hydrophilic 
molecules was decreased under isoflurane anesthe- 
sia. We hypothesized that the transfer of these sub- 
stances across the BBB would also be decreased 
during fentanyl administration because both are an- 
esthetic and lipophilic agents. 

In our study, the effect of fentanyl on K; was 
measured using “C-a-aminoisobutyric acid (“*C-AIB). 
a-Aminoisobutyric acid is a small, synthetic, inert 
neutral amino acid with a molecular mass of 104 
daltons that does not cross the BBB rapidly (9). Once 
it does cross, however, it is quickly absorbed and 
concentrated in the brain cells. Its backflux into blood 
is minimized (10). Therefore, transfer across the BBB 
is the rate-determining factor in the accumulation of 
AIB in brain cells. Regional cerebral blood flow (rCBF) 
was determined using ‘C-iodoantipyrine. The ex- 
traction fraction and the capillary permeability- 
surface area product were calculated from rCBF and 


K; 
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Methods 


This study was approved by our institutional animal 
care and use committee. Thirty-four adult male Long 
Evans rats weighing 300-400 g were divided into the 
following three groups: control (n = 14); low-dose 
fentanyl (25 ug/kg) (n = 6); and high-dose fentanyl 
(100 g/kg) (n = 14). For the control group, we used 
awake, restrained animals for the measurement of 
rCBF and K,, as described previously (7,11,12). Under 
2% isoflurane anesthesia, a femoral artery catheter 
was placed to monitor heart rate and blood pressure 
and to collect blood samples for the analysis of blood 
gases and pH. A femoral vein was also catheterized 
to administer radioactive tracers. After catheteriza- 
tion, the area of incision was infiltrated with 0.25% 
bupivacaine. Isoflurane was then discontinued, and 
animals were restrained and remained awake for 
1.5 h. In 8 of 14 control rats, rCBF was measured. 
Regional K; was determined in the other six rats in 
the control group. 

In the fentanyl groups, under 2% isoflurane anes- 
thesia, a femoral artery and two femoral veins were 
catheterized and a tracheostomy performed. Femoral 
arterial and venous catheters were used for the same 
purpose as in the control group, except that an 
additional femoral venous catheter was needed in the 
fentanyl groups for the continuous infusion of fenta- 
nyl. Isoflurane was discontinued after catheterization 
and tracheostomy. When the end-tidal isoflurane 
concentration decreased to 0.5%, fentanyl (25 ug/kg 
[low dose] or 100 pg/kg [high dose]) was injected 
intravenously over a 5-min period. The injection was 
followed by a slow, continuous infusion at a rate of 
twice the initial dose per hour (50 and 200 
ug'kg`t-h™t, respectively) up to the time of decapi- 
tation. Animals were given vecuronium (1 mg/kg IV) 
and were mechanically ventilated. One hour after 
fentanyl infusion, K was determined in 8 of 14 rats in 
the high-dose fentanyl group and in the 6 rats in the 
low-dose fentanyl group. The rCBF was measured in 
the other six rats in the high-dose fentanyl group. 
Body temperature of the animals was maintained at 
37 + 0.5°C with a servocontrolled heat lamp. Arterial 
blood pressure was continuously measured and re- 
corded. A 0.2-mL arterial blood sample was with- 
drawn anaerobically and analyzed for Pao, Pacos, 
and pH before the determination of rCBF and K.. 
Fronto-occipital platinum needle electrodes were in- 
serted in the scalp to monitor the electroencephalo- 
gram in three animals in the high-dose fentanyl 
group. 

To measure rCBF, C-iodoantipyrine (Amersham, 
Arlington Heights, Il.) was infused into the venous 
catheter by means of an infusion pump (Sage Instru- 
ments, Cambridge, Mass.). At the time of entry of the 
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isotope into the venous circulation, the arterial cath- 
eter was cut to a length of 15-20 mm to minimize 
smearing in the sampling catheter. Timed blood 
samples were withdrawn from the arterial catheter 
and collected approximately every 3 s in glass capil- 
lary tubes. These samples were collected over a 
period of approximately 60 s, at which time the rat 
was decapitated to terminate perfusion at the mo- 
ment the last sample was obtained. For the fentanyl 
groups, fentanyl was continuously infused until the 
time of decapitation. The brain was removed and 
dissected in a humid chamber. The following regions 
were dissected and weighed: olfactory bulb, anterior 
cortex, lateral cortex, posterior cortex, hippocampus, 
cortical white, basal ganglia, hypothalamus, superior 
colliculus, inferior colliculus, cerebellum, pons, and 
the medulla. Blood and tissue samples were then 
placed in a tissue solubilizer (Soluene, Packard, 
Downers Grove, Ill); 24 h later, a counting fluid 
(Dimiscint, National Diagnostic, Manville, NJ) was 
added, and they were agitated. These samples were 
counted with a Beckman LS-230 liquid scintillation 
counter. Quench curves were prepared with carbon 
tetrachloride and the isotope counts. 

Regional blood flow was calculated with a com- 
puter program based on the following equation: 


C(T) = AK fo'Cae 75T” dt; 


where C,(T) is the tissue concentration of ™“C- 
iodoantipyrine at the time of decapitation, A the 
tissue:blood partition coefficient, C, the arterial con- 
centration of the tracer, and t ime; K = mF/W, where 
m is the constant related to diffusion and F/W the 
blood flow per unit mass of tissue. The A value of 0.8, 
as calculated by Sakurada et al. (13), was used. 

To determine K,, after the final determination of 
heart rate, blood pressure, and blood gases, 20 uCi of 
44C-AIB (Amersham) was rapidly injected intrave- 
nously and flushed with 0.5 mL of normal saline 
solution. Blood samples were collected from the 
arterial catheter at 15-s intervals for the first 2 min and 
then every minute for the next 8 min. Five minutes 
after the injection of “C-AIB, 10 uCi of *H-dextran 
(molecular weight 70,000) (Amersham) was injected 
intravenously and flushed with 0.5 mL of normal 
saline solution. After collecting the 10-min arterial 
blood sample, the animals were decapitated. For the 
fentanyl groups, fentanyl was continuously infused 
until time of decapitation. The same brain regions 
that were used for rCBF determination were dis- 
sected in a humid chamber, weighed, and placed in 
Soluene. Twenty-four hours later, a counting fluid 
(Dimiscint) was added. Arterial blood samples were 
centrifuged and the plasma separated. They were 
processed the same way as the brain samples were 
for scintillation counting. Plasma and brain samples 
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were counted on a liquid scintillation counter 
equipped for dual-label counting. Quench curves 
were prepared using carbon tetrachloride, and all 
samples were automatically corrected for quenching. 

The blood-brain transfer coefficient for ““C-AIB 
was determined assuming the unidirectional transfer 
of *C-AIB over the 10-min period of the experiment 
. using the following equation, as described previously 
by Gross et al. (12): 


An .~ (V,-CT) 
So'Cp(t) dt * 


where Am is the amount of '*C-AIB radioactivity in 
the tissue per gram and V, the volume of plasma 
retained in the tissue. This is determined from the 
results of the “H-dextran data and the equation V, = 
A,,'/C,', where Am’ is the amount of °H-dextran 
radioactivity in the tissue per gram and C,’ the 
concentration of °H-dextran in the plasma at time of 
decapitation; C(t) is the arterial concentration of 
44C-AIB over time t and CT the arterial plasma 
concentration of “*C-AIB at time of decapitation. In 
the equation to determine K,, V,-CT is a correction 
term that accounts for the “C-AIB retained in the 
vascular compartment of the tissue Am- 

The extraction fraction (E) was calculated using the 
equation E = K/FV;, where F is the blood flow and V; 
the fraction of blood that contains C-AIB. A tissue 
hematocrit of 30% was used, which is an average 
value of the multiple brain regions obtained previ- 
ously from the study by Cremer et al. (14). A perme- 
ability-surface area (PS) product for “C-AIB was 
calculated with the formula PS = —FV, In(1 — E). 

Analysis of variance and multiple comparisons 
with the Duncan’s post hoc procedure were used to 
determine the differences among various brain re- 
gions and among the groups. Results are expressed 
as mean values + sp unless otherwise specified. A 
value of P < 0.05 was considered significant. 


K = 


Results 


Hemodynamic and blood gas variables in the control 
and fentanyl groups are presented in Table 1. These 
variables were obtained after 1 h of fentanyl infusion 
and just before taking the measurements of rCBF and 
K, and 1.5 h after recovery from surgery in the control 
group. Arterial blood pressure was not significantly 
different between the fentanyl groups, but heart rate 
was significantly lower in the fentanyl groups than in 
the control group. The pH of the low-dose fentanyl 
group was lower than that of the control group. The 
electroencephalogram in the high-dose fentanyl 
group was characterized by high-amplitude delta 
rhythm without seizure activity at the time of K or 
rCBF measurement. 
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Table 1. Hemodynamic and Blood Gas Variables in the 
Control and Fentanyl Groups 


Control Fentanyl groups 
group Low dose High dose 
(n = 14) (n = 6) (n = 14) 
Systolic blood 143 + 18 160 + 18 150 + 14 
pressure 
(mm Hg) 
Diastolic blood 113 + 13 114 + 18 114 +9 
pressure 
(mm Hg) 
Mean blood 123 + 13 129 4 17 126 + 10 
pressure 
(mm Hg) 
Heart rate 475 + 43 302 + 44“ 293 + 44" 
(beats/min) 
Pao, (mm Hg) 93 + 11 108 + 19 111 + 25 
Paco, (mm Hg) 33 + 4 322 +3 34 + 3 
pH 7.41 +0.08 7.36+0.02" 7.35 + 0.05 


Data are expressed as mean values + sp. 
“Significantly different from control value. 
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BRAIN REGIONS 


Figure 1. Regional blood-brain transfer coefficient (K,} in examined 
regions of the control and the low- and high-dose fentanyl groups. 
Results are presented as mean values + sp. OB, olfactory bulb; AC, 
anterior cortex: LC, lateral cortex; PC, posterior cortex; HI, hippo- 
campus; CW, cortical white; BG, basal ganglia; HY, hypothalamus; 
SC, superior colliculus; IC, inferior colliculus; CE, cerebellum; PO, 
pons; ME, medulla. "Significantly different from the corresponding 
control value. 


The mean K, was 8.6 + 4.6 pL-g~!-min“ in the 
control group and 5.2 + 2.9 and 5.7 + 
2.9 wL-g~*-min™! in the low- and high-dose fentanyl 
groups, respectively. Experimentally determined val- 
ues for regional K are shown in Figure 1. The K; was 
significantly lower in 9 of 13 brain regions in the 
low-dose group and in 7 of 13 brain regions of the 
high-dose group compared with the control group. 


‘The K, in the low-dose fentanyl group was not 
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BRAIN REGIONS 
Figure 2. Regional cerebral blood flow (rCBF) in examined regions 
of the control and the high-dose fentanyl groups. Results are 
resented as mean values + sp. There was no significant difference 
tween the control group and the high-dose fentanyl group in 
each rCBF. *Significantly different from all other brain regions of 
the control group. Abbreviations as in Figure 1. 


different from that in the high-dose fentanyl group in 
any brain region (Figure 1). Regional K; of the hypo- 
thalamus was significantly higher than that of other 
brain regions studied in all three groups of animals. 
Transport of “C-AIB was not linearly related to the 
dose of fentanyl. 

Results of rCBF are shown in Figure 2. There were 
no significant differences in rCBF between the control 
and the high-dose fentanyl groups. Within the con- 
trol group, however, there were regional differences 
in rCBF. The inferior colliculus flow was higher than 
that of all other regions. Cortical white and olfactory 
bulb flow were lower than anterior and lateral cortex 
and basal ganglia flow. Fentanyl anesthesia de- 
creased these regional differences. Only flows in the 
inferior and superior colliculus were higher than 
cortical white flow. 

The extraction fraction and the regional permeabil- 
ity-surface area product in almost all the brain regions 
of the high-dose fentanyl group were lower than 
those of the control group (Figure 3). The average 
permeability-surface area product was approximately 
34% lower in the high-dose fentanyl group than in 
the control group. 


Discussion 


Our study demonstrated that fentanyl decreased the 
transfer of small hydrophilic molecules across the 
BBB (decreased K; and decreased permeability- 
surface area product) despite a lack of significant 
change in the average cerebral flow with fentanyl. - 
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Figure 3. (A) Regional extraction fraction (E) in examined regions 
of the control and the high-dose fentanyl groups. (B) Regional 
permeability-surface area (PS) product. Abbreviations as in Figure 
1. 


This decrease may be related to a direct effect of 
fentanyl on the permeability of the BBB or a reduction 
in the perfused capillary surface area, or both. 

Extreme hypertension or extreme hypotension, 
especially in combination with vasodilators, may alter 
the permeability of the BBB (4,5). The mean blood 
pressures during fentanyl administration were not 
different from those in the control animals. There- 
fore, it is unlikely that blood pressure had any effect 
on permeability in our study. Extreme hypercapnia 
caused by prolonged breathing of 25% CO, may open 
the BBB (15,16); however, Paco, in the fentanyl 
groups was not significantly different from that in the 
control group. 

Over the range of rCBF reported in this study, the 
permeability-surface area product should be indepen- 
dent of flow (17,18). The transfer of lipid-soluble 
compounds across the BBB is flow limited as well as 
permeability dependent, which makes lipid soluble 
compounds less suitable for BBB permeability studies 
(19). For this reason, AIB, an inert hydrophilic mole- 
cule was used to measure K in our study. The rCBF 
in the high-dose fentanyl group was not significantly 
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different from that in the control group. Effects of 
rCBF on K; were probably not important in our study. 

Saija et al. (7) suggested that brain metabolism 
may affect K;. They reported that K; for 'C-AIB 
significantly decreased during pentobarbital and ket- 
amine anesthesia. It was suggested that pentobar- 
bital-induced decreases in neuronal activity or metab- 
olism may be the reason for this decrease. In support 
of this hypothesis, an external stimulus such as a 
high-intensity light is known to increase the transport 
across the BBB in the occipital cortex (20). Stress may 
also modify the vascular permeability of the brain, 
presumably through the altered release of neuro- 
transmitters (21). Ketamine, despite increased glu- 
cose utilization, decreased K; in the study of Saija et 
al. (7). They explained this phenomenon with an- 
other hypothesis; i.e., ketamine caused vasoconstric- 
tion at the level of cerebral microcirculation (22). 

In the present study, K; was decreased at our low 
dose of fentanyl and did not show any further change 
at the higher dose. In comparison, Carlsson et al. (23) 
reported that fentanyl produced a linear decrease in 
cerebral O, consumption in rats until 100 ug/kg of 
fentanyl was administered. This was a maximal re- 
duction because there were no further changes above 
this dose in rats without the appearance of seizures 
(23). In dogs, this high dose of fentanyl had little 
effect on cerebral O, consumption (24). It is therefore 
difficult to say that the decrease of K; at the low dose 
of fentanyl is mainly due to the decreased metabolism 
during fentanyl anesthesia. A similar phenomenon 
occurred during isoflurane anesthesia; i.e., K; did not 
decrease any further after 1% isoflurane, as demon- 
strated in our previous study (8). 

The action of fentanyl on the regional permeabili- 
ty-surface area product may be related to its effect on 
the perfused capillary surface area. At similar rCBF, 
alteration of experimental conditions may change the 
number, volume, or surface area of perfused cerebral 
capillaries (25,26). A decrease in the perfused capil- 
lary surface area may be partially related to reduced 
cerebral metabolism. Metabolites such as adenosine 
or K* play an important role in controlling the 
terminal arteriole and precapillary sphincters (27). 
Fentanyl may affect the vascular tone through its 
actions on neuronal function because cerebral vessels 
are richly innervated. In addition, fentanyl may have 
some direct effects on the vascular tone that may 
decrease the perfused capillary surface area. 

Permeability itself may also be affected by fenta- 
nyl. Rapoport (28) demonstrated that the osmolal 
threshold that opens the BBB increased with increas- 
ing lipid solubility, as expected from the inverse 
relation between lipid solubility and cell shrinkage by 
hypertonic solutions (29,30). Because fentanyl has a 
high lipid solubility like other anesthetics (31), it may 


NEUROSURGICAL ANESTHESIA CHIET AL. 35 
FENTANYL AND BLOOD-BRAIN BARRIER 


affect the lipid layers of endothelial cells and affect the 
size or the shape of the cell membrane carrier systems 
and intercellular tight junctions. It could be hypoth- 
esized that all centrally acting lipophilic agents would 
decrease K,. Fentanyl may also directly affect cell 
membrane carrier systems at the BBB. These hypoth- 
eses may partially explain the decrease of K, despite 
increased glucose metabolism under ketamine anes- 
thesia in the study by Saija et al. (7). 

Our study demonstrated that the transfer of small 
hydrophilic molecules across the BBB was decreased 
during fentanyl anesthesia. It is not clear how fenta- 
nyl anesthesia decreases the transfer of small hydro- 
philic molecules across the BBB; however, the de- 
crease of the transfer coefficient of 4C-AIB was not 
related to changes in blood pressure or in cerebral 
blood flow. Whether this is an effect on permeability 
of the BBB or on the surface area of perfused cerebral 
capillaries caused by fentanyl was not directly deter- 
mined in our study. 





We thank Patricia A. Sheffield, Ma, for her expert editorial assis- 
tance. 
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The time-course of action and tracheal intubating 
conditions of rocuronium and succinylcholine under 
intravenous anesthesia with propofol, alfentanil, and 
nitrous oxide were studied in 30 patients undergoing 
outpatient surgery. The neuromuscular effects of 
both drugs were quantified by recording the indi- 
rectly evoked twitch response of the adductor pollicis 
muscle after ulnar nerve stimulation (0.1 Hz, 0.2 ms 
supramaximal stimuli). Patients were given either 
0.6 mg/kg rocuronium (n = 20) or 1 mg/kg succinyl- 
choline (n = 10) intravenously. Sixty seconds after the 
administration of the muscle relaxant, the trachea 
was intubated and the intubating conditions were 
- scored by a “blinded” assessor. Intubating conditions 
were not different (P = 0.34) between the rocuronium 
and succinylcholine groups. The onset and duration 
of neuromuscular blockade were shorter with suc- 
cinylcholine than with rocuronium. The depression 


ocuronium (ORG 9426) is a new, nondepolar- 

izing neuromuscular blocking drug that has 

en reported to develop optimal tracheal in- 
tubating conditions more rapidly than vecuronium 
(1). In initial clinical studies, the ED,, of rocuronium 
was found to be 0.3 mg/kg (2). Fast onset times 
resulting in rapid development of optimal tracheal 
intubating conditions and brief time-course of neuro- 
muscular blockade are of prime importance in outpa- 
tient anesthesia. Therefore this study was under- 
taken to compare tracheal intubating conditions and 
time-course (onset, duration, and recovery rate) of 
action of a single bolus dose of 0.6 mg/kg rocuronium 
(2 x EDəs) with those after a single bolus dose of 
1 mg/kg succinylcholine (3 x EDgs) (3) in outpatients 
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of the twitch response to 5% of control value occurred 
in 0.8 + 0.1 min with 1 mg/kg succinylcholine and 1.2 
+ 0.5 min with 0.6 mg/kg rocuronium (P < 0.01). The 
recovery of the twitch response to 25%, 75%, and 
90% of its control value was shorter after succinylcho- 
line (P < 0.001) and occurred at 8.1 + 2.6, 10.3 + 3.9, 
11.3 + 4.6 and 25.3 + 5.0, 33.1 + 5.9, 36.1 + 6.3 min 
after succinylcholine and rocuronium, respectively. 
Also the time required for spontaneous recovery from 
25% to 75% of the control twitch response was 
significantly shorter (P < 0.001) after succinylcholine 
(2.2 + 1.4 min) than after rocuronium (7.8 + 2.1 min). 
It is concluded that in spite of the pharmacodynamic 
differences between succinylcholine and rocuronium, 
the intubating conditions after administration of both 
compounds are similar and develop at the same rate. 

(Anesth Analg 1992;75:37-40) 


anesthetized with intravenous propofol, alfentanil, 
and nitrous oxide. 


Methods 


After approval by the local Medical Ethical Commit- 
tee, 30 consenting ASA class I or II patients of either 
sex, of normal weight, between 18 and 65 yr of age, 
scheduled for surgery up to 1-h duration were in- 
cluded in the study. Patients known or suspected to 
have neuromuscular disorders, metabolic diseases, or 
impaired kidney or liver function, patients taking 
medication known to alter neuromuscular transmis- 
sion, and women in whom pregnancy could not be 
excluded did not participate in this trial. In women of 
childbearing age, the possibility of pregnancy was 
excluded by a negative HCG Nostick test. 

Patients were premedicated with 1 mg/kg meperi- 
dine and 0.01 mg/kg atropine IM 1 h before induction 
of anesthesia. Anesthesia was induced with propofol 
up to 2.5 mg/kg and alfentanil up to 25 ug/kg IV and 
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Table 1. Randomization Schedule 
Group Consecutive patients 
1 (1 mg/kg succinlycholine) 1 6 10 13 16 21 24 26 28 30 
2 (0.6 mg/kg rocuronium) 2 3 4 5 7 8 9 11 12 14 
15 17 18 19 20 22 23 25 27 29 





maintained by controlled ventilation with 2:1 nitrous 
oxide/oxygen and a continuous intravenous infu- 
sion of propofol (4 mg-kg™’-h~*) and alfentanil 
(50 wg-kg~?-h71). Then the assessment of neuromus- 
cular transmission was started. Recordings of the 
single-twitch contractions of the adductor pollicis 
muscle were obtained by stimulating the ulnar nerve 
at the wrist through surface electrodes with supra- 
maximal square-wave stimuli of 0.2-ms duration at a 
frequency of 0.1 Hz. The resultant force of thumb 
adduction was quantified via a force displacement 
transducer after applying a resting tension of 
200-400 g and recorded. During determination of the 
maximal twitch response and the supramaximal stim- 
ulation current, ventilation was controlled. After a 
stable twitch response (no change in the twitch 
height at the same stimulation current) was obtained 
for a period of at least 3 min (control twitch tension), 
the patients received at random (Table 1) either 
0.6 mg/kg (2 x EDgs) of rocuronium or 1 mg/kg (3 x 
ED,s) succinylcholine. 

Skin temperature (above the thenar) and the 
esophageal temperature were monitored continu- 
ously using appropriate probes. Body and hand tem- 
peratures were kept within a range of less than 0.5°C 
at 36.5°C and 32.5°C, respectively. 

Approximately 60 s after administration of the 
muscle relaxant, the intubating conditions were as- 
sessed always by the same experienced anesthesiol- 
ogist who performed tracheal intubation thereafter. 
This person was unaware of the twitch response at 
the time of laryngoscopy, unaware of the muscle 
relaxant used, and not in charge of the anesthetic 
procedure. Intubation conditions were scored as ex- 
cellent (good jaw relaxation, vocal cords open, no 
response to intubation), good (good jaw relaxation, 
vocal cords open but minimal reaction to intubation), 
poor (moderate jaw relaxation, moving vocal cords, 
intubation requiring pressure accompanied by cough- 
ing and/or bucking), or as inadequate (intubation 
impossible due to poor jaw relaxation or closed 
cords). In assessing the neuromuscular effects of 
rocuronium and succinylcholine, we measured onset 
time (time from the end of injection until suppression 
of the twitch tension to 5% of its control value), 
duration of action (time from the end of injection 
until recovery of the twitch tension to 25%, 75%, and 
90% of control value), and recovery index (time 


Table 2. Steward Score for Clinical Recovery 


Wakefulness Ventilation Movements Points 
Not responding Airway requires Not moving 0 
maintenance 
Responds to Maintaining good Nonpurposeful 1 
stimuli airway movements 
Fully awake Coughing on Moves 2 
command purposefully 


Minimum score: 0 points; maximum score: 6 points. 


required from 25% to 75% recovery of the twitch 
tension). 
All patients were allowed to recover spontane- 


ously until at least 5 min after the recovery of the ` 


twitch response to 90% of its control value. During 
continuous recording of single twitch, a train-of-four 
(TOF) stimulation (2 Hz for 2 s) was interposed after 
induction of the anesthesia and before the adminis- 
tration of the muscle relaxant. Additional TOF tests 
were done at 25%, 75%, and 5 min after 90% recovery 
of twitch tension. At the end of anesthesia all patients 
were scored for their clinical recovery using the 
Steward scoring system (4) (Table 2). In addition, 
patients were asked to perform a 5-s head lift after 
tracheal extubation and again 10 min after arrival in 
the recovery room. 

Neuromuscular data between the two groups were 
compared using the Student’s t-test for unpaired data 
and, when appropriate, the x’-test (comparison of 
intubation conditions and demographic characteris- 
tics). Differences were considered significant at P < 
0.05. All values are given as mean + sp. 


Results 


There were no significant differences in the demo- 
graphic characteristics between the two groups of 
patients (Table 3). The tracheal intubating dose of 
both succinylcholine and rocuronium resulted in 
100% depression of twitch tension in all patients. 
Intubating conditions were rated as excellent or good 
in all patients except one with poor intubating con- 
ditions in the succinylcholine group. Table 4 shows 
that the proportions of patients with excellent or 
good intubating conditions were not different (P = 
0.34) in the rocuronium and succinylcholine groups. 
In one patient in the succinylcholine group and in 
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Table 3. Demographic Characteristics 


ee 





Weight Height Age 
Group (kg) (cm) (yr) Sex" 
Succinylcholine 
Mean 67.6? 170.1* 25.7° 4/6? 
SD 9.8 8.0 6.2 
Range 55-84 160-183 18-38 
Rocuronium 
Mean 65.4" 169.6° 30.5” 11/9 
SD 9.3 9.4 8.6 
Range 51-79 154-186 18-49 
“M/F. 
’No significant difference 


Table 4. Intubating Conditions at 1 Minute After 
Succinylcholine and Rocuronium 


Excellent Good Poor Inadequate 
Succinyicholine 8 1 1 0 
Rocuronium 17 3 0 0 
P = 0,34, y*test. l 


two patients in the rocuronium group—all rated as 
good—the anesthesiologist performing the intuba- 
tion noted minor movements in response to laryn- 
goscopy and intubation but was not able to distin- 
guish between the two drugs. The onset time after 
succinylcholine was significantly shorter than that 
after rocuronium (0.8 vs 1.2 min). The duration to 
25%, 75%, and 90% recovery of the twitch tension to 


its control value and the recovery index (25%-75% . 


recovery) were significantly shorter (P < 0.001) after 
succinylcholine when compared with rocuronium 
(Table 5). The TOF ratios (%) after rocuronium at 25% 
and 75% recovery of the twitch response as well as 
5 min after 90% recovery of the twitch tension (final 
value) are listed in Table 6. No differences could be 
demonstrated in the overall clinical recovery assessed 
by the Steward scores. All 30 patients reached the 
maximal score of six points and were able to perform 
a 5-s head lift at the end of anesthesia. 


Discussion 


The results of the present study indicate that rocuro- 
nium resembles succinylcholine in producing good- 
to-excellent intubating conditions approximately 
1 min after its administration. In a similar (5) clinical 
study, the 1-min intubating conditions seemed to be 
indistinguishable after rocuronium (0.6 mg/kg) and 
succinylcholine (1.5 mg/kg) preceded by gallamine 
10 mg. It is conceivable, therefore, that rocuronium 
might affect the vocal cords and probably other 
laryngeal muscles more rapidly than the adductor 
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pollicis muscle. This could explain why the above two 
muscle relaxants showing significantly different onset 
times at the adductor pollicis muscle produce, at 
comparable rates, neuromuscular block of sufficient 
magnitude for good-to-excellent intubating condi- 
tions. 

Adhering to the clinical practice, in this study we 
have used the standard intubating doses of both 
compounds. However, these conditions probably fa- 
vored the rate of block development after succinyl- 
choline as the standard intubating dose of this drug 
(1.0 mg/kg, 3 x EDgs) is larger than that of rocuro- 
nium (0.6 mg/kg, 2 x EDs). Differences in neuro- 
muscular blocking potency and in the rate of block 
development between the skeletal muscle and the 
vocal cords with other muscle relaxants have been 
reported both in animal and humans. Donati and 
coworkers (6) were able to demonstrate with vecuro- 
nium more rapid block development on the vocal 
cords than on the adductor pollicis muscle in anes- 
thetized patients. In the cat, succinylcholine (7), 
d-tubocurarine, and atracurium were significantly 
less potent at the vocal cords than on the tibialis 
anterior muscle. Our results suggest that the maximal 
effect after rocuronium at the vocal cords is reached at 
a rate similar to that of succinylcholine and at a more 
rapid rate than on the adductor pollicis muscle. 
Although our observations and also that of others (5) 
suggest that rocuronium when compared with suc- 
cinylcholine produced similar intubating conditions 
at a comparable rate, it should be emphasized that 
the assessment of intubating conditions is difficult 
and remains notoriously inaccurate. A “clean” and 
entirely unbiased comparison with succinylcholine 
and its fasciculations is even more difficult in spite of 
all attempts to “blind” the intubating anesthesiolo- 

ist. 

In this study rocuronium produced good-to- 
excellent intubating conditions at the same rate as 
succinylcholine; however, its time-course variables 
including onset time, duration to 25%, 75%, and 90% 
recovery to control twitch tension, and its recovery 
index at the adductor pollicis muscle are significantly 
longer than those after succinylcholine. The total 
duration of action (spontaneous recovery to 90% of 
the control twitch tension) approximated 36 min in 
this study. Nevertheless, 25% recovery of the twitch 
tension is reached in approximately 25 min after the 
administration of rocuronium. At this point the re- 
sidual neuromuscular blockade can always be safely 
reversed whenever necessary (8). In this study, all 
patients were allowed to recover spontaneously until 
5 min after the twitch tension recovered to 90% of its 
control value. At this time, the last TOF test showed 
a mean ratio of 0.64 with a wide range of variation of 
0.4-0.8 among the patients. In spite of the fact that at 
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Table 5. Time-Course of Action of Succinylcholine (n = 10) and Rocuronium (n = 20) 
Saat Recovery to percent of the control twitch tension (min) very index 
(min) 25% 75% 90% (min) 
Succinylcholine 0.8 + 0.1 8.1 + 2.6 10.3 + 3.9 11.3 + 4.6 2.2 1.4 
Rocuronium 1.2 4 0.5 25.3 + 5.0 33.1 + 5.9 36.1 + 6.3 7.82 2.1 
P <0.01 <0.0001 <0.0001 <0.0001 <0.0001 


Onset, time from end of injection to 95% twitch depression; recovery index, time from 25% to 75% recovery of the twitch tension. 


Values are mean + sp. 


Table 6. Train-of-Four Ratio During Spontaneous 
Recovery of the Twitch Response After Rocuronium 


TOF ratio at recovery of twitch response to 
percent of its control 


25% 75% 90% 


Mean 0.04 0.32 0.63 
gD 0.05 0.1 0.13 
Range 0-0.22 0.1-0.5 0.40.8 


TOF, train-of-four. 


the end of the anesthesia the TOF ratio was less than 
0.7, there was no clinical need for reversal in any of 
the patients. Before leaving the operating room, the 
maximal score in the Steward score was reached in all 
patients and all patients were able to perform a 5-8 
head lift. Although the Steward score does not eval- 
uate the recovery of the muscle strength specifically, 
it includes the assessment of coughing on command. 

We conclude that in this study the intubating 
conditions approximately 60 s after the administra- 
tion of rocuronium were satisfactory and similar to 
those observed after succinylcholine. The clinical 
duration of action associated with the intubating dose 
of rocuronium provides adequate muscle relaxation 
for the duration of most of the surgical interventions 
in outpatient cases. The above properties, if con- 
firmed in future studies and in widespread clinical 
use in a large number of patients, will make rocuro- 


nium a suitable alternative to succinylcholine in out- 
patient anesthesia. 


We acknowledge the support and assistance of Dr. Klaus BSheim, 
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Anesthesia Care 
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Outpatients undergoing minor diagnostic and thera- 
peutic procedures associated with intermittent dis- 
comfort are frequently given bolus injections of intra- 
venous opioid analgesics. In a group of 80 healthy 
women undergoing vaginal ovum pickup proce- 
dures, we evaluated patient-controlled admin- 
istration of alfentanil using a patient-controlled anal- 
gesia device (with a lockout interval of 3 min) as an 
alternative to conventional physician-controlled 
administration. The two alfentanil administration 
techniques were equally effective in providing 
intraoperative analgesia. The average alfentanil dos- 


part of the prefertilization protocol for in vitro 
fertilization. These outpatient procedures in- 
volve aspiration of ovum follicles by means of an 
ultrasonically directed needle passed through the 
vaginal wall under monitored anesthesia care (MAC). 
Pain is produced each time the aspiration device 
penetrates the capsule of the ovary. As the pain 
associated with transvaginal ovum retrieval is inter- 
mittent rather than continuous, the ideal analgesic 
drug would possess a rapid onset and short duration 
of effect to allow maximal flexibility and responsive- 
ness to the patient’s analgesic needs. 
Although fentanyl is commonly administered dur- 
ing these procedures, it requires 3-4 min to achieve 


\ J aginal ovum pickup (VOPU) procedures are 
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age requirements were 1.49 + 0.50 and 1.46 + 
0.55 ug'kg` tmin” t (mean + sp) in the physician- and 
patient-controlled groups, respectively. The inci- 
dence of postoperative nausea was the same in both 
treatment groups (8%). Even with the mandatory 
lockout interval, intraoperative patient-controlled 
administration of alfentanil was comparable to 
physician-controlled administration with respect to 
patient comfort and satisfaction during vaginal ovum 
pickup procedures. 

| (Anesth Analg 1992;75:41-4) 


its maximal clinical effect after a bolus injection, and it 

has an elimination half-life of 3-6 h (1). In addition, 
there is the added risk of profound ventilatory de- 
pression when fentanyl is administered in combina- 
tion with midazolam, a widely used sedative- 
anxiolytic medication (2). Alfentanil is a faster-acting 
derivative of fentanyl that has a significantly shorter 
elimination half-life and is associated with a more 
rapid recovery of postoperative psychomotor func- 
tion (3,4). As a result of the rapid onset of action of 
alfentanil, it may be possible for patients to determine 
their own needs for this analgesic medication during 
VOPU procedures by means of a patient-controlled 
analgesia (PCA) delivery system (5). 

Therefore, we designed a randomized, prospective 
study to evaluate the perioperative effects of alfen- 
tanil when administered with either a PCA delivery 
system or a physician-controlled dosing technique 
during outpatient VOPU procedures. 


Methods 


Eighty healthy consenting adult women presenting 
for outpatient VOPU procedures under MAC were 
randomly assigned to receive alfentanil by either 
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anesthesiologist-administered or patient-controlled 
bolus injections. The study protocol was approved by 
the Human Research Ethics Committee at the Royal 
Women’s Hospital in Melbourne, Australia. Patients 
with preexisting cardiovascular or pulmonary disease, 
as well as those whose surgical procedure included a 
laparoscopy, were excluded from the study. 

On arrival in the operating room, an intravenous 
cannula was inserted and a 5-mL/kg infusion of 
lactated Ringer's solution was administered over 
5 min. All patients were premedicated with midazo- 
lam (0.02 mg/kg IV), and oxygen was administered by 
nasal cannula at a flow rate of 6 L/min throughout the 
procedure. Routine monitors included a pretracheal 
stethoscope, noninvasive blood pressure device, elec- 
trocardiograph, pulse oximeter, and capnograph 
(connected to a cannula placed in the nose). 

After obtaining baseline values for the hemodynamic 
and respiratory variables, all patients received a loading 
dose of alfentanil (10 g/kg IV) over 1-2 min. Mainte- 
nance bolus doses of alfentanil (5 g/kg IV) were then 
administered either by the anesthesiologist or by the 
patient using a PCA delivery system (Graseby Medical 
Ltd., Watford, U.K.) with a minimal lockout interval of 
3 min. The intraoperative alfentanil requirement was 
assessed by analyzing the number of supplemental 
bolus doses administered as well as the number of 
patient demands. Mean arterial blood pressure, heart 
rate, respiratory rate, and oxygen saturation were re- 
corded at 1-2-min intervals during the procedure. 

On arrival in the postanesthesia care unit (PACU), 
patients were asked to assess their overall level of 
pain during the procedure by means of a 100-mm 
linear analogue scale (0 = none to 100 = severe). 
Their overall level of comfort during the procedure 
was also scored by a six-point scale: 1, very comfort- 
able; 2, comfortable; 3, uncomfortable; 4, very un- 
comfortable; 5, painful; and 6, very painful. Postop- 
erative side effects (and therapy required) were 
recorded by the PACU staff who were unaware of the 
analgesic treatment group. Antiemetic drugs were 
used to treat protracted nausea and vomiting (lasting 
>15 min). Patient acceptance of their intraoperative 
analgesic therapy was evaluated at the time of dis- 
charge from the PACU by a four-point scale: 1, highly 
acceptable; 2, acceptable; 3, disappointing; and 4, 
never again. 

Statistical analysis included (a) x*-test for analyz- 
ing discrete variables (number of bolus doses, dis- 
comfort level, side effects); (b) analysis of variance 
and Student's t-test to evaluate the continuous vari- 
ables (pain analogue scores); and (c) analysis of 
variance with repeated measures to assess changes in 
continuous variables during the procedure (mean 
arterial blood pressure, heart rate, respiratory rate, 
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Table 1. Clinical Characteristics of the Two Alfentanil 


Analgesic Treatment Groups 
Physician-controlled Patient-controlled 
analgesia analgesia 
(n = 40) (n = 40) 
Age (yr) 32 +5 34+5 
Weight (kg) 63 + 10 65 + 13 
Baseline vital signs 
MAP (mm Hg) 98 + 2 95 + 2 
HR (beats/min) 82 + 2 83 + 3 
RR (breaths/min) 17 + 0.2 17 + 0.2 
Sao, (%) 99.7 + 0.1 99.9 + 0.1 
Procedure time (min) 18 + 6 18 + 6 
MAP, mean arterial blood pressure; HR, heart rate; RR, respiratory rate; 
Sao, oxygen saturation. 
Results are presented as mean values + sD. 


Table 2. Alfentanil Administration and Dosage 
Requirements During the Vaginal Ovum 
Pickup Procedure 


Physician-controlled Patient-controlled 


analgesia analgesia 
(n = 40) (n = 40) 
Alfentanil (ug) 1746 + 647 1730 + 654 
(ug-kg~?-min™") 1.49 + 0.50 1.46 + 0.55 
Supplemental bolus (n) 3.4 + 1.2 3.32 1.3 
PCA demands (n) NA 6.7 + 4.2 


PCA, patient controlled analgesia; NA, not applicable. 
Results are presented as mean values + sp. 


and oxygen saturation rate values). A P value < 0.05 
was considered to represent a significant difference 
between the two treatment groups. 


Results 


Demographic data for the two analgesic treatment 
groups were similar with respect to age, weight, and 
duration of the surgical procedure (Table 1). Alfen- 
tanil dosage requirements were also similar in the 
physician- and patient-controlled groups (Table 2). 
Baseline and intraoperative heart rate, mean arterial 
blood pressure, respiratory rate, and oxygen satura- 
tion values were unchanged both within (i.e., during 
the procedure) and between treatment groups. Ad- 
ditionally, there were no clinically significant intraop- 
erative side effects in either of the treatment groups. 
Although patients made significantly more demands 
than the number of delivered bolus doses in the PCA 
group (Table 2), there were no differences in the 
number of supplemental bolus doses between the 
two groups. 

Finally, patient comfort levels and average pain 
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-Table 3. Postoperative Assessment After the Vaginal 
Ovum Pickup Procedure 


Physician-controlled Patient-controlled 





analgesia analgesia 

(n = 40) (n = 40) 
Comfort* 2.2 + 0.9 2.3 + 1.0 

(2; 1-5) (2; 1-5) 
Pain score (mm) 25+ 15 29 + 18 
Nausea (%) 8 8 
Vomiting/retching (%) 0 3 
Antiemetic therapy (%) 5 3 
Acceptability” 1.5 + 0.5 1.4 + 0.5 


(1; 1-2) (1; 1-3) 


“Comfort score: 1, very comfortable to 6, very painiul; mean values + sp 
(median; range). 
bility score: 1, highly acceptable to 4, never again; mean values 
+ sp (median; range). 


scores during the procedure were identical in the two 
treatment groups (Table 3). Patients in both groups 
were highly satisfied with their intraoperative anal- 
gesia and experienced a low incidence of postopera- 
tive emetic sequelae. All patients were discharged 
within 2 h after arriving in the PACU. 


Discussion 


Patient-controlled analgesia has become a widely 
accepted technique for managing acute pain in the 
postoperative period (5). As patients undergoing 
minor outpatient diagnostic and therapeutic proce- 
dures under MAC may experience transient discom- 
fort not relieved by local anesthesia, we designed a 
study to evaluate an intraoperative PCA technique 
using the rapid- and short-acting opioid analgesic 
alfentanil. Our preliminary data suggest that even 
with a mandatory 3-min lockout interval, intraopera- 
tive alfentanil PCA was as effective as physician- 
controlled techniques for this outpatient procedure. 
In a recently published article, Park and Watkins 
(6) reported that patient-controlled sedation using a 
combination of midazolam and fentanyl was a safe 
and effective technique during epidural anesthesia. 
Because the use of a fixed-dose sedative-opioid com- 
bination will increase the risk of respiratory depres- 
sion (2), we administered a low dose of midazolam to 
decrease anxiety without producing drowsiness. We 
believed that excessive midazolam-induced sedation 
could interfere with the patient’s ability to use the 
PCA device. After a loading dose of the opioid 
‘ analgesic, the physician or patient administered sup- 
plemental bolus doses of alfentanil on an “as need- 
ed” basis during these brief outpatient procedures. 
Although the number of delivered doses was limited 
because of the lockout interval in the PCA group, a 
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similar number of supplemental doses were admin- 
istered in both groups. 

The incidence of postoperative nausea or vomit- 
ing, or both, was low (8%) with these two alfentanil- 
based MAC techniques, compared with 54% when 
the procedure was performed under general anesthe- 
sia (7). No other clinically significant side effects were 


. noted during the perioperative period. Overall, pa- 


tient acceptance scores were high with both the 
physician- and self-administration techniques; how- 
ever, the ratio of demanded-to-delivered doses sug- 
gests that the PCA group might have experienced 
better pain control with additional bolus doses of the 
analgesic. Although it is possible that analgesia could 
have been improved in the PCA group by decreasing 
(or eliminating) the mandatory lockout interval be- 
tween successive bolus doses, it might have in- 
creased the incidence of opioid-related side effects 
(e.g., respiratory depression and nausea and vomiting). 

The results of this preliminary study can be criti- 
cized because of the subjective criteria (i.e., patient 
complaints of pain) used to determine the need for 
additional alfentanil by the anesthesiologists and the 
mandatory lockout interval, which limited the num- 
ber of patient-administered doses in the PCA group. 
In addition, because we were unable to perform this 
study in a double-blind fashion, both investigator 
and patient bias could have influenced these results. 
When patients self-administer the analgesic medica- 
tion (i.e., PCA), they may be less critical of its overall 
effectiveness. Finally, the size of the bolus dose, as 
well as the duration of the lockout interval between 
successive doses of the analgesic medication in the 
PCA group, could have altered our findings. 

In conclusion, intraoperative PCA with alfentanil 
is an effective alternative to physician-administered 
techniques with respect to patient comfort and satis- 
faction during VOPU procedures. The outcome of 
this study might have been different if alternative 
PCA parameters or physician criteria had been used 
for administering supplemental alfentanil. Further 
studies are needed to define the role of intraoperative 
PCA during other diagnostic and therapeutic proce- 
dures performed under MAC. 


The authors acknowledge the valuable assistance and support of 
Reta Svans, MS. 
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Efficacy of the FEF Colorimetric End-Tidal Carbon Dioxide 


Detector in Children 
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Direct laryngoscopy and observation of endotracheal 
tube (ETT) passage between the vocal cords remain 
‘the criterion standard for ene endotracheal in- 
tubation. Detection of end-tidal carbon dioxide 
(ETco,) serves as an invaluable adjunct to confirm 
endotracheal intubation, detect inadvertent esopha- 
geal intubation, and monitor for accidental tracheal 
extubation. Capnography, however, is often unavail- 
able outside the operating suite. A commercially 
available, disposable, colorimetric ETco, detector 
(FEF, Fenem, Inc., New York, N.Y.), in which color 
changes using a numerical scale semiquantitatively 
measure percent carbon dioxide in exhaled gases, has 
proved effective in confirming endotracheal intuba- 
tion in adults, but has not been thoroughly investi- 
gated in children. We studied 20 otherwise healthy 
children, aged 6 mo to 8 yr, with simultaneous 
infrared and colorimetric ETco, measurements dur- 
ing elective general anesthesia to evaluate the efficacy 
of the colorimetric detector. Two hundred of 200 


nrecognized esophageal intubation is the sin- 

gle most critical incident associated with cat- 

astrophic anesthetic outcome (1). Direct 
laryngoscopy and clinical evaluation for appropriate 
endotracheal intubation are most reliably confirmed 
by measurement of end-tidal carbon dioxide (ETco,) 
(2), and ETco, monitoring is rapidly becoming a 
standard of care in anesthesia practice (3-6). It may 
not be cost effective in smaller community hospitals, 
however, to use ETco, monitoring routinely in sites 
remote from the operating room, such as the radiol- 
ogy suite, intensive care unit, emergency depart- 
ment, or emergency resuscitation teams. 

An inexpensive, disposable, colorimetric ETco, 
detector (FEF, Fenem, Inc., New York, N.Y.) has 
recently become commercially available (7). Whereas 
many studies have proven the colorimetric ETco, 
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tracheally intubated positive-pressure breaths and 
198 of 200 breaths under spontaneous mask ventila- 
tion demonstrated a yellow color change (color level 5 
or 6), signifying an ETco, = 15 mm Hg (2.0 kPa). 
Repeated-measures analysis of variance revealed no 
significant differences in infrared ETco, values be- 
tween the two yellow color levels throughout the 
study period. The associations among color level, 
infrared ETco, determinations, ETT size, and ETT 
“leak” pressures estimated by Spearman rank corre- 
lation analysis were significant only for higher infra- 
red ETco, values with higher ETT leak pressures (P < 
0.05). No complications were observed. The Fenem 
disposable colorimetric ETco, detector effectively 
confirms clinical signs of endotracheal intubation in 
children when capnography is unavailable. It may 
also prove useful in monitoring the adequacy of 
bag-valve-mask ventilation in these patients. 

(Anesth Analg 1992;75:45-50) 


(C-ETco,) detector to be sensitive and specific in 
confirming endotracheal intubation in hemodynami- 
cally stable adults (8-12), no published series docu- 
ment the efficacy of the Fenem detector in confirming 
endotracheal intubation in children. Short expiratory 
times and small exhaled lung volumes coupled with 
uncuffed endotracheal tube (ETT) use (with subse- 
quent “leakage” of. exhaled gases directly into the 
oropharynx) may make the C-ETco, detector ineffec- 
tive in this population. We therefore conducted a 
study to determine the effectiveness of this dispos- 
able C-ETco, detector in children under controlled 
anesthetic conditions. 


Methods 


Following approval by our institution’s research prac- 
tices committee, 20 healthy pediatric patients, aged 
6 mo (>50-wk postconceptual age) to 8 yr, undergo- 
ing elective surgical procedures, were studied. Paren- 
tal informed consent was obtained in each case dur- 
ing preanesthetic assessment. Patients were excluded 
if they had a history of significant cardiopulmonary 
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Figure 1. Relationship of patient ETT, Fenem disposable end-tidal 
CO, detector, IR sidestream capnograph adaptor, and anesthesia 
circuit. 


disease or if their anesthetic plan did not include 
elective endotracheal intubation. Premedication with 
oral or nasal midazolam was administered as needed, 
followed by mask induction with halothane, nitrous 
oxide, and oxygen, using a pediatric circle system. 
Routine monitors included a pulse oximeter, electro- 
cardiogram, automatic blood pressure cuff, precordial 
stethoscope, axillary skin temperature probe, periph- 
eral nerve stimulator, intravenous line, and infrared 
(IR) capnography (Nellcor N-1000 Multifunction 
Monitor, Nellcor Inc., Hayward, Calif.; 10%-90% 
response time 85 ms, sample aspiration rate 50 mL/ 
min). 

The Fenem detector (7,13) consists of a nontoxic, 
pH-sensitive chemical indicator strip within a clear 
plastic dome that reversibly changes color on a 
breath-to-breath basis depending on the concentra- 
tion of CO, present in the exhaled gases (Figures 1 
and 2). The device weighs 18.5 g, contains 38 mL of 
dead space, and has a shelf life of approximately 
15 mo (7). Preliminary evidence suggests that the 
C-ETco, detector depends primarily on CO, concen- 
tration rather than exhaled tidal volume (14,15) and 
retains its sensitivity with tidal volumes as low as 
50 mL when ETco, values are > 15 mm Hg (2.0 kPa) 
(15). The average minimum CO, concentration re- 
quired to cause a detectable color change is 
4.1 mm Hg (0.54 kPa) (16). The C-ETco, detector’s 
clinical lifespan is 15-30 min with active circuit hu- 
midification and can extend up to 5 h in the absence 
of these conditions (17,18). 

The colorimetric changes measured by the 
C-ETco, detector were compared on a breath-by- 
breath basis with IR-ETco, readings at two points in 
the patient’s anesthetic course: 


1. During surgical anesthetic conditions under spon- 
taneous mask ventilation (i.e., before institution of 
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Figure 2. The six-point colorimetric ETco, scale with respective 
numerical values as follows: dark purple and light purple (color 
scales 1 and 2) indicate <3.8 mm Hg CO, (<0.5 kPa); dark brown 
and light brown (color scales 3 and 4) indicate 3.8-15 mm Hg CO, 
(0.5-2.0 kPa); dark yellow and light yellow (color scales 5 and 6) 
indicate >15 mm Hg CO, (>2 kPa). Points A, B, and C represent 
an alternative measurement scale. 


neuromuscular blockade and endotracheal intuba- 
tion; study point 1). 

2. After establishment of neuromuscular blockade, 
endotracheal intubation under direct visualization 
with an uncuffed ETT, clinical confirmation of 
appropriate ETT position, and institution of con- 
trolled positive-pressure ventilation (study point 
2: 


During both study periods, the C-ETco, detector 
was placed in series with the sidestream capnograph 
adaptor and inserted between the patient’s mask or 
ETT and the circle system Y-connector (Figure 1). 
Single-breath color changes using a six-point scale 
(Figure 2) and IR-ETco, measurements were simulta- 
neously recorded for 10 breaths at each study point 
by two blinded observers. For the purposes of this 
study, a false-negative result at study point 2 was 
defined as a purple or brown color reading (i.e., color 
levels 1-4) with a simultaneously measured IR-ETco, 
value = 20 mm Hg (2.7 kPa). We arbitrarily chose this 
level of IR-ETco, to allow a comfortable margin above 
the ETco, threshold for brown-to-yellow color 
change (15 mm Hg, 2.0 kPa). The pressure at which a 
leak around the uncuffed ETT occurred (cm H,O 
pressure) was determined in a double-blind fashion 
by one observer gradually closing the circle system 
popoff valve and observing the anesthesia circuit 
pressure gauge while a second observer listened for 
air egress with a stethoscope placed at the supraster- 
nal notch. This maneuver was repeated twice in each 
patient and the values averaged. 

Repeated-measures analysis of variance was used 
to assess differences in IR-ETco, values between the 
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Table 1. Demographic Data of Study Population 


Age (mo) Weight (kg) 
Gender n Mean Range Mean Range 
Female 10 46.3 6.1-82.2 16.1 7.0-23.0 
Male 10 51.4 6.2-86.3 16.2 6.4-30.9 
Total 20 48.8 6.1-86.3 16.15 6.4-30.9 
Table 2. Summary of Study Results 
Mean ETco, 
Study Color No. of ETco,+sp range 
point level breaths (mm Hg) (mm Hg) 
1 1-3 0 — — 
4 2 0E9999 10-24 
5 134 29,5 26.0 10-43 
6 64 31.7 + 6.3 18-43 
2 1-4 0 -— — 
5 106 370 5 26-48 
6 94 TVE Eo 24-48 


ETco, end-tidal carbon dioxide tension; sp, standard deviation. 


Table 3. Study Point 1 Results 


Color level el Sanda 
Breath median Mean + 5p Range 
1 5.0 30.30 + 6.24 18-41 
2 5.0 29°55: 2 O.30 17-38 
3 5.0 29.60 + 6.38 16-41 
4 5.0 29.30 + 7.33 10-40 
5 5.0 29,95: 730 10-40 
6 5.0 30.40 + 5.81 18-39 
7 5.0 29.95 + 5.93 18-40 
8 5.5 30.70 + 6.43 18-43 
9 5.0 30.35 + 6.60 18-43 
10 50 30.90 + 6.58 19-43 


C-ETco, color levels at both study points. Spearman 
rank correlations were also calculated for study point 
2 to estimate the associations among color level, 
IR-ETco,, ETT size, and ETT leak pressure. The 
median within-patient color level and the mean with- 
in-patient IR-ETco, were used in this analysis. A P 
value of <0.05 was considered significant. 


Results 


Demographic data of the study population are shown 
in Table 1, with study results summarized in Tables 
2-4. Median age was 4 yr. Endotracheal tube size at 
study point 2 ranged from 3.5 to 5.5 mm, with an 
average ETT leak pressure of 18.6 cm H,O (range 
10-40 cm H,O). 

Of 400 study breaths, 398 registered in the yellow 
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Table 4. Study Point 2 Results 


Color level ss sae Sal 

Breath median Mean + sp Range 
1 5.0 37.65 + 5.80 24-48 
2 5.0 37.85 + 5.60 26-48 
3 5.5 37.10 + 5.74 24-48 
4 5.0 Of AO ee 26-47 
5 5.0 37.25 + 4.96 27-46 
6 6.0 37.30 + 4.81 30-45 
7 6.0 37.05 + 4.44 30-44 
8 5.0 36.85 + 4.46 29-45 
9 5.0 36.50 + 4.57 28-45 
10 59 36.35 + 4.55 30-45 


color range (color levels 5 or 6), with the two remain- 
ing breaths falling into the brown color range (color 
level 4). Both color level 4 readings occurred under 
spontaneous mask ventilation during study point 1 
and were easily corrected by adjustment of the pa- 
tient’s face mask. Repeated-measures analysis of vari- 
ance demonstrated no statistically significant differ- 
ences in IR-ETco, values between color levels 5 and 6 
at either study point. A residual analysis was per- 
formed on the repeated measures to verify the nor- 
mality assumptions. Residuals were found not to 
deviate significantly from normality (P = 0.786). 
Spearman rank correlation analysis revealed signifi- 
cance only between mean IR-ETco, and ETT leak 
pressure, i.e., the higher the leak pressure, the 
higher the measured IR-ETco,. While none of the 200 
intubated positive-pressure breaths registered in 
color levels 1-4 (i.e., a false-negative result), we can 
be 95% confident that the chance of this occurring 
based on our results is no greater than 3/n or 1.5% 
(19). 

No complications or inadvertent esophageal intu- 
bations occurred at any time during the study. Spon- 
taneous mask ventilation with the C-ETco, detector 
was well tolerated in all patients without clinical 
evidence of respiratory distress, decreasing oxygen 
saturation readings, or hemodynamic instability. 


Discussion 


Esophageal intubation remains a significant compli- 
cation of anesthetic care. Cheney and colleagues (1) 
retrospectively reviewed a series of closed anesthetic 
malpractice claims and found this event to be the 
single occurrence most closely associated with death 
or debilitating injury. A preliminary report also de- 
rived from the ASA Closed Claims Study revealed 
that 41 of 624 total claims (excluding tooth injury) 
involved esophageal intubation. The ETT was consid- 
ered properly placed by usual clinical criteria in more 
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than half of these cases (20). Another retrospective 
review of more than 163,000 anesthetics discovered 
27 cardiac arrests resulting from anesthesia. Inade- 
quate ventilation was thought to be the cause of 12 
arrests, 11 of which were deemed avoidable. Unrec- 
ognized esophageal intubation accounted for 4 of the 
12 episodes (21). 

Many studies have documented the usefulness of 
ETco, measurement in confirming the clinical obser- 
vation of the ETT passing into the trachea under 
direct vision (22-26). Whereas ETco, detection can 
occur during esophageal intubation (i.e., a false- 
positive result), statistically significant and easily 
discernible carbon dioxide (CO,) washout to readings 
=15 mm Hg (2.0 kPa) occurs within 10 breaths 
regardless of how CO, is introduced into the stomach 
(24-29). Capnography is also superior to oxygen 
saturation measurement in discriminating esopha- 
geal intubation from endotracheal intubation, 
especially in patients preoxygenated with 100% 
oxygen (23,30). The emergence of capnography as a 
standard of care in anesthesia practice is evidenced 
by a proposed modification to the American Society 
of Anesthesiologists’ Standards for Basic Intra- 
Operative Monitoring stating that ETT position 
“must be verified by clinical assessment and by the 
identification of carbon dioxide in the expired gas” 
(3,4), as well as recent legislative mandates by two 
states that require continuous ETco, monitoring for 
all patients receiving general anesthesia (5,6). How- 
ever, supplying capnography to sites remote from the 
operating room is not cost effective for many institu- 
tions. 

Accurate determination of ETco, in the pediatric 
patient presents the clinician with a different set of 
problems. Increases in dead space to tidal volume 
ratios, fast respiratory rates, small exhaled tidal vol- 
umes, high fresh gas flows, high sidestream capno- 
graph sampling rates, and leakage of exhaled gases 
around the uncuffed ETT into the oropharynx interact 
variably to adversely affect qualitative and quantita- 
tive ETco, measurements in children. Badgwell and 
colleagues (31) have shown that proximal ETco, 
measurement accurately reflects Paco, in all pediatric 
patients ventilated with a nonrebreathing circuit. 
This relationship also held true for patients weighing 
more than 8 kg who were ventilated with a partial 
rebreathing (Mapleson D) circuit, but not in children 
under 8 kg. Another study of 27 intubated neonatal 
ICU patients by McEvedy et al. (32) concluded that 
distal ETco, levels more accurately approximate 
Paco, than do proximal ETco, determinations. Pre- 
liminary evidence suggests that sidestream capnog- 
raphy aspirated from the middle of the ETT does not 
differ significantly from proximal IR flow-through 
ETco, measurements when using a partial rebreath- 
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ing circuit in neonates and infants (33). Animal data 
by Rich and associates (34) clearly demonstrate that 
the change in ETco, between the distal tip and the 
15-cm mark of a 3.0-mm ETT is < 2 mm Hg and is 
independent of fresh gas flow and ventilatory mode. 
More recent work indicates that sidestream capnog- 
raphy using a Nellcor N-1000 (as was used in our 
study) is accurate in healthy infants under controlled 
volume ventilation with normal fresh gas flows (35). 

Despite its proven usefulness in adults (8-12), 
laboratory data suggesting its potential efficacy in 
children (14-16,36), and case reports of successful use 
of the device (13,37), the C-ETco, detector has not 
been systemically evaluated in pediatric patients. Our 
study confirms the effectiveness of the C-ETco, de- 
tector in children, demonstrating that a yellow color 
reading corresponds to clinically expected IR-ETco, 
measurements in these patients. Higher IR-ETco, 
values with higher ETT leak pressures were found, 
implying more complete alveolar gas sampling with 
less egress around the uncuffed ETT under these 
conditions. In spite of increases in equipment dead 
space from the patient mask, the C-ETco, detector 
also proved effective during spontaneous mask ven- 
tilation in children when an appropriate face mask 
seal was maintained. It thus may serve as a useful 
monitor for adequacy of mask ventilation in this 
population in conjunction with the usual clinical 
observations such as chest excursions and breath 
sounds. We noted no complications and the C-ETco, 
detector was well tolerated in all cases, even in two 
6-mo-old patients weighing 6.4 and 7.0 kg. 

Our study was designed to assess the chance of a 
false-negative colorimetric reading from proper en- 
dotracheal intubation and did not address the issue of 
false-positive results from esophageal intubation. We 
hypothesize, however, that the C-ETco, detector 
would accurately detect inadvertent esophageal intu- 
bation in children based on the 50-mL tidal volume 
threshold required for a yellow color reading (15), 
measured exhaled gastric volumes of only 35 mL in 
adults (25), and piglet data where 33 esophageal 
intubations were correctly identified despite cola ad- 
ministration or prior mask ventilation (36). Although 
we exclusively used a pediatric circle system in our 
patients, the colorimetric detector is effective when 
used with self-inflating pediatric resuscitation bags 
(Dr. Ann Thompson, personal communication). In 
addition, it appears useful for confirming endotra- 
cheal intubation when used with the Jackson-Rees 
modification of the Ayre’s T-piece, despite dilution of 
expired gas by continuous fresh gas inflow (37). We 
also excluded children with cyanotic heart disease, in 
whom diminished pulmonary blood flow can cause 
an increase in the arterial to end-tidal CO, difference 
and potentially lead to false-negative C-ETco, read- 
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ings with endotracheal intubation in these patients 
(38). The conflicting results obtained using the 
C-ETco, detector during adult cardiopulmonary re- 
suscitation, where pulmonary blood flow is also 
severely limited, emphasizes the dependent relation- 
ship between the C-ETco, detector’s effectiveness 
and adequate pulmonary blood flow (10-12,39-42). 
Further study in these areas is warranted. Finally, 
concerns about the potential for false-negative 
C-ETco, detector readings in observers with red- 
green color blindness appear unfounded (43). 

In summary, we find the Fenem FEF disposable 
colorimetric ETco., detector to be an excellent tool for 
confirming endotracheal intubation and monitoring 
spontaneous mask ventilation in children. Its light 
weight, disposability, ease of use, and effectiveness 
make it particularly amenable to use in remote anes- 
thetic sites where capnography is not routinely avail- 
able, during transport of critically ill pediatric pa- 
tients, and as an invaluable backup in the event. of 
mechanical failure of capnography during a pediatric 
anesthetic. 


We thank Dr. Donald Prough and Faith McLellan for their editorial 
assistance and Kim Barnes for her word processing expertise. 
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Oral Midazolam in Children: Effect of Time and 


Adjunctive Therapy 
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The purpose of this study was to determine the 
influence of timing and concomitant administration 
of atropine and/or meperidine on the perioperative 
effects of oral midazolam in children. In 154 healthy 
children, 1-8 yr old, we studied six oral preanesthetic 
medication regimens according to a randomized, 
double-blind protocol. Group A (placebo) received 
5 mL of apple juice. The other five groups received 
medication with apple juice to a total volume of 5 mL, 
20-60 min before induction of anesthesia. Group B 
received atropine (0.02 mg/kg); group C received 
midazolam (0.5 mg/kg); group D received midazolam 
(0.5 mg/kg) and atropine (0.02 mg/kg); group E re- 
ceived meperidine (1.5 mg/kg) and atropine 
(0.02 mg/kg); and group F received meperidine 
(1.5 mg/kg), atropine (0.02 mg/kg), and midazolam 
(0.5 mg/kg). The sedative effect of midazolam was 
maximal 30 min after oral administration. Ninety-five 
percent of the children who were separated from 


their parents within 45 min after oral midazolam 
administration (with or without atropine) had satis- 
factory separation scores (vs 66% of those separated 
after 45 min; P < 0.02). Midazolam-treated patients 
were more cooperative with a mask induction of 
anesthesia compared with non-midazolam-treated 
children (83% vs 56%). Neither atropine nor meperi- 
dine appeared to significantly improve the effective- 
ness of oral midazolam. No preoperative changes in 
heart rate, respiratory rate, or hemoglobin oxygen 
saturation were noted in any of the treatment groups. 
Finally, oral midazolam did not prolong recovery 
even after cutpatient procedures lasting <30 min. In 
conclusion, midazolam (0.5 mg/kg) given orally 
30-45 min before induction of anesthesia is safe and 
effective without delaying recovery after ambulatory 
surgery. 

(Anesth Analg 1992;75:51-5) 





lieve anxiety, reduce the trauma associated 

with separation from their parents, and facili- 
tate induction of anesthesia without prolonging the 
recovery period (1-12). Although various combina- 
tions of drugs and routes of administration have 
been used in children for preanesthetic sedation, the 
oral route remains the least threatening method of 
drug administration (4-11). A combination of oral 
meperidine, diazepam, and atropine has been re- 
ported to decrease anxiety and to facilitate induction 
of anesthesia (7). More recently, oral midazolam, 
0.5-0.75 mg/kg, was shown to be an effective prean- 
esthetic medication technique that did not prolong 


| Jreanesthetic medication in children should re- 
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recovery after procedures lasting more than 100 min 
(9). 
This study was designed to determine the effects 
of timing and concomitant administration of atropine 
and/or meperidine on the perioperative effects of oral 
midazolam, when administered as a preanesthetic 
medication in children undergoing outpatient surgi- 
cal procedures lasting less than 100 min. 


Methods 


One hundred fifty-four healthy ASA physical status I 
or II children between the ages of 1 and 8 yr, who 
were scheduled to undergo outpatient surgical pro- 
cedures expected to last less than 100 min, were 
enrolled in this double-blind, placebo-controlled 
study. The study was approved by the Human Stud- 
ies Committee of the Washington University School 
of Medicine, and written informed consent was ob- 
tained from the parents or the legal guardian of each 
subject. We excluded children in whom the use of 
sedative, analgesic, anticholinergic, or inhaled anes- 
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thetics was contraindicated, and children undergoing 
emergency surgery. 

Patients were randomly assigned to one of six oral 
preanesthetic medication groups. Group A (placebo) 
received 5 mL of apple juice; group B 0.02 mg/kg of 
atropine; group C 0.5 mg/kg of midazolam; group D 
0.5 mg/kg of midazolam and 0.02 mg/kg of atropine; 
group E 1.5 mg/kg of meperidine and 0.02 mg/kg of 
atropine; and group F 1.5 mg/kg of meperidine, 
0.5 mg/kg of midazolam, and 0.02 mg/kg of atropine. 
Groups B-F received their oral preanesthetic medica- 
tions in apple juice to a total volume of 5 mL. All 
observers, as well as the children (and their parents), 
were unaware of the contents of the oral medication. 

Baseline heart rate, respiratory rate, and hemoglo- 
bin oxygen saturation values (Nellcor N100 pulse 
oximeter, Nellcor, Hayward, Calif.) were measured 
before the administration of the preanesthetic medi- 
cation and at 15-min intervals until the time the 
patient was taken into the operating room. The level 
of sedation was assessed at similar time intervals 
using a four-point scale: 1 = sleepy/calm, 2 = awake/ 
calm, 3 = awake/anxious, and 4 = very anxious/ 
combative. Patients with a score of 1 or 2 were 
considered to have a “satisfactory” level of sedation; 
those with a score of 3 or 4 were considered to be 
“unsatisfactorily” sedated. 

Children were separated from their parents after a 
period of at least 20 min had elapsed following 
administration of the preanesthetic medication. At 
the time of separation, the child’s willingness to 
separate from the parents was evaluated on a differ- 
ent four-point scale with 1 = easy separation; 2 = 
whimpers but is easily reassured, not clinging; 3 = 
cries and cannot be easily reassured, but not clinging 
to parents; and 4 = crying and clinging to parents. 
Children with scores of 1 or 2 were considered to 
have had an acceptable separation; those with scores 
of 3 or 4 were considered to have had difficult 
separations. 

After the patient had entered the operating room, 
anesthesia was induced with halothane and nitrous 
oxide in oxygen via a face mask. The quality of the 
anesthetic induction was evaluated using a four-point 
scale where 1 = excellent (unafraid, cooperative, 
accepts mask readily), 2 = good (slight fear of mask, 
easily reassured), 3 = fair (moderate fear of mask, not 
calmed with reassurance), and 4 = poor (terrified, 
crying, combative). Children with scores of 1 or 2 
were designated as having had a “satisfactory” ac- 
ceptance of the face mask; scores of 3 or 4 were 
considered “unsatisfactory.” Cases in which exces- 
sive oral secretions interfered with the smooth con- 
duct of anesthesia were noted. 

After induction, anesthesia was maintained with 
nitrous oxide, 60%~-70% in oxygen with 0.5%-2.5% of 
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halothane adjusted to maintain hemodynamic stabil- 
ity. If tracheal intubation was required, it was facili- 
tated with atracurium, 0.5 mg/kg IV, and at the end of 
the operation, neuromuscular blockade was antago- 
nized with neostigmine, 0.07 mg/kg IV, and glyco- 
pyrrolate, 0.015 mg/kg IV. The times from the admin- 
istration of preanesthetic medication to separation 
from the parents and induction of anesthesia were 
recorded along with the duration of anesthesia and 
surgery, the time interval from the discontinuation of 
the anesthetic until spontaneous eye opening and 
compliance with verbal commands, and the time to 
discharge from the postanesthesia care unit (PACU). 

Cardiorespiratory variables, and hemoglobin oxy- 
gen saturation values were recorded immediately on 
arrival in the PACU and at 15-min intervals while in 
the PACU. In addition, a sedation score based on the 
same four-point scale used to assess preoperative 
sedation was recorded on arrival in the PACU and 
subsequently at 15-min intervals until discharge. 
Postoperative side effects and analgesic and anti- 
emetic requirements were noted by the PACU staff. 

Continuous variables were compared with a one- 
way analysis of variance (ANOVA) and a Scheffe’s 
test for post hoc between-groups comparisons. 
Fisher's exact and x° tests with Yates’ correction were 
used to analyze discrete variables (e.g., incidence of 
satisfactory sedation and behavior scores). The effects 
of time on the sedation scores were analyzed inde- 
pendently using the Friedman test. When appropri- 
ate, a Bonferroni correction was applied for multiple 
comparisons. A P value of <0.05 was considered 
statistically significant. 


Results 


There were no significant differences between the six 
groups with respect to age, weight, gender, ASA 
physical status, or types of operative procedures 
(Table 1). The proportion of children requiring tra- 
cheal intubation was similar in all groups. There were 
also no significant differences in baseline heart rate, 
respiratory rate, hemoglobin oxygen saturation val- 
ues, or sedation scores before the administration of 
the preanesthetic medication. 

Sedation scores, as well as behavior scores at 
separation from parents, induction of anesthesia, and 
in the PACU, were similar in children receiving 
placebo or atropine (group A versus B). Children 
receiving midazolam with or without atropine 
(groups C and D) also had similar sedation and 
behavioral scores. As atropine did not affect sedation 
or behavior scores, we combined data from groups C 
and D into a midazolam group (group M), and 
groups A and B into a non-midazolam-treated group 
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Table 1. Demographic Data and Preinduction Mean (+sp) Hemoglobin Oxygen Saturation Values for the Six 


Preanesthetic Medication Treatment Groups 


A B 
Premedicant(s) Placebo Atropine 
Number (n) 25 27 
Age (yr) 3.5 +21 3.52415 
Weight (kg) 15.8 + 6.4 15.6 + 3.9 
Gender (M/F) 14/11 16/11 
Hemoglobin oxygen saturation 
values (%Y 
0 Min 98 +2(25) 97+2(27 
15 Min 98 + 2 (24) 98+2(27) 
30 Min 98 + 2 (16) 97+ 2 (19) 
45 Min 98 + 2 (10) 98 + 1 (4) 


“Number in parentheses equals the number of subjects at each time point after administration of the study medication. 


C D E F 
Midazolam Midazolam + Meperidine + Meperidine + 
atropine atropine atropine + 
midazolam 
29 25 24 24 
oe 2.0 3.8 + 2.0 4.2 £ 4.3 4.0 + 2.0 
16.0 + 5.5 15.8 + 4.3 18.1 + 6.9 16.5 + 5.1 
18/11 14/11 12/12 14/10 
97 + 1 (29) 97 + 1 (25) 98 + 2 (24) 98 + 2 (24) 
97 + 1 (29) 97 + 1 (25) - 98 + 2 (24) 98 + 1 (24) 
98 + 1 (9) 97 + 2 (17) 98 + 2 (20) 98 + 1 (19) 
97 + 1 (4) 99 + 1 (8) 98 + 1 (11) 97 + 2 (8) 


Table 2. Comparison of the Duration of Surgery and Anesthesia, the Incidence of Satisfactory Sedation, Separation and 
Induction Scores, and Recovery Data for Children in Treatment Groups N, M, E, and F 


N 
Premedicant(s) Placebo 
(+ atropine) 
Number (n) 52 
Surgical time (min) 35 + 53 
Anesthesia time (min) 42 + 57 
Oral medication — induction time (min) 41 + 17 
Satisfactory sedation (%) 
0 Min 20/52 (38%) 
15 Min 32/52 (63%) 
30 Min 19/35 (57%) 
45 Min 10/18 (55%) 
60 Min 4/10 (40%) 
Separation score (%) 75% 
Induction score (%) 56% 
Eye opening (min) 17 + 11° 
Follows commands (min) 24 + 11° 
PACU discharge (min) 29 + 11° 
PACU, postanesthesia care unit. 


Sedation scores 


M E F 
Midazolam Meperidine + Meperidine + 
(+ atropine) atropine atropine + 

midazolam 

54 24 24 

25 + 40 26 + 21 52 + 56 
32 + 45 35 + 28 69 + 66" 
36 + 19 52 + 251 42 + 16 
1154 (20%) 10/24 (42%) 9/24 (38%) 
46/54 (85%)” 18/24 (79%) 24/24 (100%) 
25/26 (96%)? 16/20 (80%) 19/19 (100%)? 
8/12 (66%) 8/11 (82%) 5/7 (71%) 
W5 (60%) 2/2 (100%) 2/2. (100%) 
89% 75% 92%" 
83%? 67% 92%? 
20 + 13 198 22 £ 14 
26 + 14 25 + 10 32 + 17 
29 + 18° 29: 12 40 + 20 


t the percentage of patients with a satisfactory sedation score and the total number of patients for which data are available at that 


represen 
time interval. Separation and induction scores represent the percentage of patients with satisfactory scores. 


"P < 0.05 vs group M. 
*P < 0.05 vs group N. 
“P < 0.05 vs group F. 


(group N) for further statistical analysis (Table 2). 
There were no significant differences between groups 
M and N with respect to the duration of anesthesia or 
surgery. 

There were no differences in sedation and behav- 
ior scores with respect to time in the non-midazolam- 
treated patients (group N). In contrast, children who 
received midazolam with or without atropine (group 
M) had significantly improved sedation scores at 15, 
30, and 45 min after oral administration compared to 


their baseline values, with a peak sedative effect occur- 
ring at 30 min (Table 2). In the combined midazolam 
treatment group, 95% of the children who were sepa- 
rated from their parents within 45 min of the adminis- 
tration of oral preanesthetic medication had satisfactory 
separation scores compared with only 66% of those 
who were separated more than 45 min after midazolam 
administration (P value < 0.62). Although there was no 
statistically significant difference between groups M 
and N in the number of patients who had satisfactory 
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separation from their parents, children in the midazo- 
lam group (group M) had significantly higher (satisfac- 
tory) acceptance of the mask at induction compared 
with the non-midazolam-treated (N) group (83% versus 
56%; P value < 0.01). In group N, induction was even 
more difficult than separation (with 75% experiencing 
satisfactory separations compared to only 56% satisfac- 
tory mask inductions, P < 0.01). 

Patients receiving meperidine with atropine (group 
E) had significantly improved sedation scores with 
time, but the sedation scores in this group did not differ 
significantly from the scores in the other preanesthetic 
medication groups (Table 2). Children receiving mida- 
zolam in addition to meperidine and atropine (group F) 
also had significantly improved sedation scores with 
time. In addition, they had significantly improved be- 
havior scores at separation and induction compared to 
group N, but did not differ from those receiving mida- 
zolam without meperidine (group M). 

Finally, there were no significant differences in oxy- 
gen saturation values between the various treatment 
groups during the time from administration of prean- 
esthetic medication to induction of anesthesia, even in 
children receiving the midazolam-meperidine-atropine 
combination (Table 1). Excessive oral secretions were 
noted in only four patients (one each in groups A, C, D, 
and F). There were no significant differences in the 
incidence of intraoperative bradycardia (requiring sup- 
plemental atropine therapy) or laryngospasm in chil- 
dren who did or did not receive atropine as part of their 
oral preanesthetic medication regimen. 

Finally, there were no significant differences be- 
tween the various treatment groups with respect to 
their behavior scores in the PACU or to the need for 
postoperative opioid analgesic or antiemetic drugs. 
However, eye opening, response to commands, and 
discharge from the PACU occurred earlier in the 
placebo group compared with the group receiving the 
midazolam-meperidine-atropine combination (Table 
2). In analyzing data obtained from midazolam- 
treated patients (combined groups C and D) under- 
going procedures lasting less than 30 min, 30-60 min, 
and more than 60 min, we found no significant 
differences among these three subgroups with re- 
spect to times to eye opening, response to com- 
mands, or discharge from the PACU. 


Discussion 


Anesthetic inductions in uncooperative children may 
be associated with arterial oxygen desaturation and 
postoperative behavioral problems (10). Several stud- 
ies have reported that preanesthetic medications fa- 
cilitate separation of children from their parents and 
improve behavior during induction of anesthesia 
(1-12). Analogous to a previous study (9), this inves- 
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tigation suggests that oral midazolam is a safe and 
effective preanesthetic medication. Variable efficacy 
of oral midazolam may be explained in part by the 
relatively narrow time frame during which conditions 
for induction of anesthesia are optimal (i.e., 
30-45 min after oral administration). 

Our findings may explain why Saarnivarra et al. 
(13) reported greater anxiolysis with chloral hydrate 
compared to oral midazolam (0.4-0.6 mg/kg). In that 
study, patients received the preanesthetic medica- 
tions 65 + 12 min before induction of anesthesia. 
Similarly, Anderson et al. (8) noted that anxiety 
scores and behavior at induction were no different in 
children receiving placebo or oral midazolam 
(0.3 mg/kg) 83 + 38 min before induction of anesthe- 
sia. In contrast, Feld et al. (9) found that oral mida- 
zolam (0.50.75 mg/kg) administered 30-60 min be- 
fore induction of anesthesia improved the ease of 
separation from parents and the quality of mask 
induction of anesthesia in a dose-related manner. 
When Molter et al. (14) administered oral midazolam 
(0.4 mg/kg) approximately 20 min before intravenous 
induction of anesthesia, they noted a mild or absent 
sedative effect in 76%-84% of patients, but 67%-88% 
were cooperative during the insertion of an intrave- 
nous catheter before induction of general anesthesia. 
Similarly, Spahr-Schopfer et al. (15) recently reported 
that oral midazolam (0.5-1.0 mg/kg) was an effective 
preanesthetic medication if given 30 min before sep- 
aration. These data (and data from our current study) 
suggest that separation from parents and induction of 
anesthesia should occur 30-45 min after oral admin- 
istration of midazolam (0.5 mg/kg) to obtain optimal 
preoperative sedation, ease of separation from par- 
ents, and acceptance of the anesthesia face mask. 

When oral midazolam was administered alone or 
in combination with atropine and meperidine, it was 
found to be safe and effective without altering the 
cardiovascular or oxygen saturation values in the 
preoperative or immediate postoperative periods. 
Furthermore, recovery from anesthesia was not pro- 
longed by oral midazolam preanesthetic medication, 
even after short surgical procedures lasting less than 
30 min. In fact, 53% of the patients in group M 
(midazolam alone or in combination with atropine) 
underwent operations lasting 30 min or less. These 
findings are supported by the recent observations of 
McMillan and colleagues (16) in children undergoing 
minor general and dental surgical procedures averag- 
ing less than 45 min. As the patients we studied were 
healthy children, our safety, efficacy, and recovery 
data cannot be extrapolated to situations involving 
children with underlying cardiopulmonary diseases 
or central nervous system disorders. 

In this clinical study, the addition of atropine to 
the oral preanesthetic medication regimen did not 
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alter sedation, behavior during separation and induc- 
tion, or the incidence of perioperative complications 
(e.g., laryngospasm, airway obstruction, and brady- 
cardia). As atropine did not affect perioperative com- 
plications, we would recommend that the practice of 
routinely administering oral atropine preanesthetic 
medication to all pediatric patients be reexamined, 
particularly with the decreased use of succinylcholine 
in this patient population (17-20). 

Although patients who received meperidine in our 
study (groups E and F) were noted to have an increased 
level of sedation with time, the sedation scores in these 
two groups did not differ significantly from the other 
midazolam treatment groups. Of interest, the addition 
of midazolam to the meperidine-atropine combination 
did not produce any clinical evidence of respiratory 
depression in this healthy patient population. Surpris- 
ingly, there was no decrease in the PACU opioid 
requirement (for the treatment of postoperative pain) in 
patients who did or did not receive oral meperidine 
preoperatively. Although children given the meperi- 
dine-midazolam-atropine combination (group F) had 
longer discharge times than the other groups, this may 
have been related to the greater length of their surgical 
procedures. Thus, we would conclude that the addition 
of meperidine to the preanesthetic medication regimen 
did not provide any clinically significant benefits to our 
study population. 

In summary, midazolam (0.5 mg/kg) is a safe and 
effective preanesthetic medication in healthy children 
when administered orally 30-45 min before induction 
of anesthesia. Use of oral midazolam alone or in 
combination with atropine did not alter recovery 
times even after surgical procedures lasting less than 
30 min. 


We thank Drs. Karen Weiss and David Desertspring, and Linda 
Kratz, RN, for their assistance during this study. In addition, the 
cooperation of the nursing staff in the outpatient surgery unit at St. 
Louis Children’s Hospital was greatly appreciated. 


References 


1. White PF. Pharmacologic and clinical aspects of preoperative 
medication. Anesth Analg 1986;65:963-74. 

2. Freeman A, Bachman L. Pediatric anesthesia: an evaluation of 
preoperative medication. Anesth Analg 1959;38:429-37. 


PEDIATRIC ANESTHESIA WELDON ET AIL. 55 


MIDAZOLAM, ATROPINE, AND MEPERIDINE PREANESTHETIC MEDICATION 


: 
. my 
’ 


10. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


: Nicolson SC, Betts EK, Jobes DR, et al. Comparison of oral and 


intramuscular preanesthetic medication for pediatric inpatient 
surgery. Anesthesiology 1989;71:8~-10. 


. De Jong PC, Verburg MP. Comparison of rectal to intramus- 


cular administration of midazolam and atropine for preanes- 
thetic medication of children. Acta Anaesthesiol Scand 1988; 
32:485-~9. 


. Wilton NCT, Leigh J, Rosen DR, Pandit UA. Preanesthetic 


sedation of preschool children using intranasal midazolam. 
Anesthesiology 1988;69:972-5. 


. Spear RM, Yaster M, Berkowitz ID, et al. Preinduction of 


anesthesia in children with rectally administered midazolam. 
Anesthesiology 1991;74:670-4. 


. Brzustowicz RM, Nelson DA, Betts EK, et al. Efficacy of oral 


premedication for pediatric outpatient surgery. Anesthesiol- 
ogy 1984;50:475—7. 


. Anderson BJ, Exarchos H, Lee K, Brown TCK. Oral premedi- 


cation in children: a comparison of chloral hydrate, diazepam, 
alprazolam, midazolam and placebo for day surgery. Anaesth 
Intensive Care 1990;18:185-93. 


. Feld LH, Negus JB, White PF. Oral midazolam preanesthetic 


medication in pediatric patients. Anesthesiology 1990;73: 
831-4. 

Morgan-Hughes JO, Bangham JA. Pre-induction behavior of 
children. Anaesthesia 1990;45:427-35. 


. Nelson PS, Streisand JB, Mulder SM, et al. Comparison of oral 


transmucosal fentanyl citrate and an oral solution of meperi- 
dine, diazepam and atropine for premedication in children. 
Anesthesiology 1989;70:616-21. 

Desjardins R, Ansara $, Charest J. Pre-anesthetic medication in 
paediatric day-care surgery. Can Anaesth Soc J 1981;28:141-8. 
Saarnivarra L, Lindgren L, Klemola U-M. Comparison. of 
chloral hydrate and midazolam by mouth as premedicants in 
children undergoing otolaryngological surgery. Br J Anaesth 
1988;61:390-6. . 

Molter G, Castor G, Altmayer P, Bich U. Psychosomatic, 
sedative and hemodynamic reactions following preoperative 
administration of midazolam in children. Klin Padiatr 1990;202: 
328-33. 

Spahr-Schopfer LA, McMillan C, Sikich N, et al. Safety of oral 
midazolam premedication for use in children (abstract). Anes- 
thesiology 1991;75(Suppl):A921. 

McMillan C, Spahr-Schopfer IA, Sikich N, et al. Efficacy and 
feasibility of oral midazolam premedication in pediatric day 
surgery (abstract). Anesthesiclogy 1991;75(Suppl):A27. 
Sjovall S, Kanto J, Iisalo E, et al. Use of atropine in connection 
with oral midazolam premedication. Int J Clin Pharmacol Ther 
Toxicol 1988;22:184-8. 

Cartabuke RS, Davidson PJ, Warner LO. Is premedication with 
oral glycopyrrolate as effective as oral atropine in attenuating 
cardiovascular depression in infants receiving halothane for 
induction of anesthesia? Anesth Analg 1991;73:271-4. 

Miller BR, Friesen RH. Oral atropine premedication in infants 
attenuates cardiovascular depression during halothane anes- 
thesia. Anesth Analg 1988;67:180-5. 


. Mirakhur RK. Premedication with atropine or glycopyrrolate 


in children. Effects on heart rate, rhythm during induction and 
maintenance of anaesthesia. Anaesthesia 1982;37:1032-6. 





OBSTETRIC ANESTHESIA 
Section Editor 
Mieczyslaw Finster 


Vasopressor Therapy for Hypotension During Epidural 
Anesthesia for Cesarean Section: Effects on Maternal and 


Fetal Flow Velocity Ratios 


Peter M. C. Wright, MB, FFARCS, Mohammed Iftikhar, MB, MRCOG, 
Kieran T. Fitzpatrick, MB, FFARCS, James Moore, MD, FCANAES, and 


William Thompson, MD, FRCOG 


Department of Anesthetics, The Queen’s University of Belfast; Department of Obstetrics and Gynaecology, Institute of 
Clinical Sciences; and Jubilee Maternity Hospital, Belfast, Northern Ireland 


The purpose of this study was to identify the influ- 
ence of hypotension as a result of epidural anesthesia 
and of its treatment with either ephedrine or meth- 
oxamine on uteroplacental and umbilical flow veloc- 
ity ratios and fetal acid-base status. Fifty healthy 
women with an uncomplicated full-term pregnancy 
were studied during elective cesarean section under 
epidural anesthesia. A method of continuously re- 
cording flow velocity waveforms was used that al- 
lowed the identification of simultaneous values of 
maternal and fetal Doppler indices related to events 
during the induction of anesthesia. In 15 patients in 
whom arterial blood pressure did not decrease, the 
uteroplacental pulsatility index (UtPI) did not 
change, but the umbilical pulsatility index (UmP]) 
decreased from a mean (95% confidence interval) of 
0.98 (0.88-1.09) to 0.91 (0.82-0.99) (P < 0.05). In 32 
patients who experienced hypotension of at least 


umbar epidural anesthesia is extensively used 

for delivery by cesarean section and is widely 

accepted as offering advantages over general 
anesthesia (1). Hypotension may occur during the 
induction of epidural anesthesia and if severe or 
prolonged, will compromise fetal well-being (2). 

In treating episodes of hypotension, vasopressor 
therapy is frequently required to obtain an immediate 
response. Ephedrine, a mixed a and f-adrenergic 
agonist, is widely used, and drugs with pure a 
adrenergic agonist activity are avoided because ani- 
mal studies indicate that they reduce uteroplacental 
blood flow (3). However, the use of pure a-agonists 
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15%, the UtPI increased from 0.82 (0.76-0.89) to 1.04 
(0.92-1.17) (P < 0.01). Treatment with ephedrine had 
no influence on either the UtPI or UmPI, but treat- 
ment with methoxamine resulted in brief increases in 
the UtPI of 0.47 (0.24-0.69) during the first 5 min after 
its administration; the increases were brief and re- 
solved within 2 min. The choice of vasopressor drug 
had no influence on the UtPI recorded just before 
surgery commenced (final UtPI), but those patients 
who experienced hypotension had significantly 
larger final UtPIs (1.02 (0.91~-1.10)) than those who 
never became hypotensive (0.86 (0.72-0.99)), and this 
was associated with significantly increased placental 
hydrogen ion gradients. The choice of vasopressor 
drug appears to be of minor importance compared 
with the avoidance of hypotension. 

(Anesth Analg 1992;75:56-63) 


to treat hypotension from epidural anesthesia for 
cesarean section in humans did not result in fetal 
acidosis, and their lack of chronotropic activity may 
make them desirable for use in pregnant women with 
preexisting cardiac disease (4). In another publication 
(5), their use is suggested in spinal anesthesia be- 
cause hypotension occurs more rapidly and can be 
more severe than with epidural blockade. 
Difficulties in the repeated measurement of human 
uteroplacental absolute blood flow have prevented 
the evaluation of vasopressor therapy in this respect. 
However, Doppler velocimetry does enable the re- 
peated semiquantitative evaluation of both uteropla- 
cental and fetoplacental flow resistance. The pur- 
pose of this study was to evaluate the effects of both 
acute hypotension and its treatment with either ephe- 
drine or methoxamine (a pure a,-adrenergic agonist) 
on uteroplacental and fetoplacental flow resistance 
and fetal outcome by using a method that allowed 
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simultaneous recording of maternal cardiovascular 
changes and those occurring in the uteroplacental 
circulation. 


Methods 


This study was approved by the local medical ethical 
research committee, and each patient provided in- 
formed consent. Fifty healthy women in the age 
range 18-40 yr undergoing elective cesarean section 
for cephalopelvic disproportion, breech presentation, 
or repeat cesarean section were studied. All the 
women recruited had a full-term uncomplicated sin- 
gleton gestation. 

The patients were given ranitidine 150 mg by 
mouth on the evening before and the morning of 
surgery. In the operating room the patients were 
placed in a 15° left lateral tilt position, and intrave- 
nous access was established with a 14-gauge cannula 
in a large arm vein. With the patient in the left lateral 
position, an 18-gauge epidural catheter was intro- 
duced through a 16-gauge Tuohy needle at the L3-4 
interspace, leaving 3 cm of the cannula lying in the 
epidural space. A 3-mL test dose of 2% lidocaine with 
epinephrine (5 g/mL) was administered. The patient 
was returned to the 15° tilt position, and a rapid 
intravenous infusion of Hartmann’s solution 
(10 mL/kg) followed. After 5 min, an additional 17 mL 
of 2% lidocaine with epinephrine was given over a 
period of 2 min. 

Patients in whom hypotension (defined as a reduc- 
tion in systolic blood pressure of 15% or any reduc- 
tion to <90 mm Hg) developed during a 20-min 
period after the completion of the epidural dose 
received prompt vasopressor therapy. They were 
randomly allocated to receive either ephedrine (12 mg 
IV) as a bolus injection and, after 5 min, 12 mg 
infused in 500 mL of Hartmann’s solution over the 
subsequent 10 min; or methoxamine (2 mg IV), fol- 
lowed by 2 mg as an infusion. These dosage sched- 
ules had been determined during a preceding study 
in nonpregnant patients to represent equipotent 
pressor doses in the presence of regional anesthesia. 
Further increments of ephedrine (3 mg) or methox- 
amine (0.5 mg) were administered as required before 
delivery to maintain maternal blood pressure above 
the threshold value. The patients and those investi- 
gators responsible for conducting observations were 
unaware of the treatment, but because of the nature 
of the therapy being administered there was always 
an anesthesiologist present who had knowledge of 
the vasopressor therapy. 

Twenty minutes after completion of the epidural 
injection, the level of the resultant block was assessed 
with a cold stimulus (ethyl chloride spray). The block 
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was supplemented if necessary and surgery was 
allowed to proceed. 


Measurements 


Maternal heart rate and blood pressure were mea- 
sured during the induction of epidural blockade at 
1-min intervals and at 2.5-min intervals during sur- 
gery with the Datascope 2200 I. The uteroplacental 
flow velocity waveform was displayed with a Doptek 
continuous-wave spectral analyzer; the probe was 
directed at the uterine artery just superior to the 
inguinal ligament on the left side. (The left side was 
chosen rather than the side of placental implantation 
[6] because, in the left tilt position, this is technically 
easier and results in a better quality recording.) A 
second identical continuous-wave analyzer was used 
to obtain the flow velocity waveform of the umbilical 
artery. All hemodynamic data were recorded with 
two industrial-quality digital stereo video recorders; 
the Doppler-shifted signals obtained from the two 
circulations under consideration were recorded onto 
the audio channels of the two recorders. The mater- 
nal heart rate and blood pressure were recorded onto 
the video channel of both recorders with a video 
camera directed at the datascope monitor. A clock 
on-screen provided information on timing, and pre- 
arranged signals were made to indicate the comple- 
tion of the epidural injection and the administration 
of vasopressor drugs. Such a recording arrangement 
enabled the continuous tracking of the flow velocity 
profile of each vessel, avoiding the pitfall of moving 
the probe and replacing it on a different portion of the 
vessel with a different flow profile (7). It was also 
possible to analyze the waveforms off-line and obtain 
truly simultaneous values for uteroplacental and um- 
bilical circulations that could be related to episodes of 
hypotension and vasopressor therapy. 

The time of the epidural injection, any hypoten- 
sive episode, the skin and uterine incisions, and the 
delivery were recorded. At delivery, umbilical artery 
and venous and maternal arterial blood samples were 
obtained and analyzed promptly for gas tensions and 
pH (Corning 168). Apgar scores were assigned by an 
investigator in a blinded manner at 1 and 5 min, and 
neonatal resuscitation requirements were recorded. 
After the operation, maternal pulse and heart rate 
were measured every 15 min for the first 2 h. 

During the subsequent analysis (which was per- 
formed with the built-in spectral analyzer and soft- 
wate), Doppler ratios, fetal heart rate, and maternal 
hemodynamic values were defined just before the 
epidural injection and at the lowest recorded systolic 
arterial pressure during the 20 min after the total dose 
of local anesthetic had been given. If vasopressor 
treatment was given, recordings were analyzed at 
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Table 1. Demographic Characteristics of the 32 Patients 
in the Ephedrine (n = 17) and Methoxamine (n = 15) 


Groups and the 15 Nonhypotensive Control Subjects 


No Hypotension 
hypotension Ephedrine §Methoxamine 
Age (yr) 27 (4) 31 (5) 29 (5) 
Weight (kg) 77 (14) 80 (11) 75 (11) 
Height (cm) 160 (11) 160 (6) 157 (5) 
Gestation (wk) 40 (1) 39 (1) 39 (1) 
Fetal weight (g) 3407 (435) 3471 (381) 3497 (306) 


Data are presented as mean values (sD). 


l-min intervals for 5 min after its administration. 
Values were also defined just before the commence- 
ment of surgery. 

Unless otherwise stated, data are presented 
throughout as mean values and 95% confidence in- 
tervals or as proportions and frequencies. Hypothesis 
testing between the ephedrine and methoxamine 
series was carried out on Apgar scores at 1 and 5 min, 
maternal artery to umbilical vein pH gradients, the 
final uteroplacental Doppler ratios before surgery, 
and the change in the uteroplacental Doppler ratio 
between baseline and the final value (change in 
uteroplacental pulsatility index, A UtPI). Tests used 
included Student's t-test and contingency table anal- 
ysis, aS appropriate. Other statistical reporting is 
subsidiary but includes an analysis of changes asso- 
ciated with an episode of hypotension, a comparison 
of patients who did or did not display an episode of 
hypotension, and the effects across time of bolus 
vasopressor effects using repeated measures analysis 
of variance and post hoc paired t-tests. Those patients 
who did not receive vasopressor treatment are re- 
ferred to as control subjects. 


Results 


Fifty patients were studied, but three were excluded 
from this analysis because signs of overt aortocaval 
syndrome developed before completion of the epid- 
ural injection, which prevented adherence to the 
study program. Of the remaining patients, hypoten- 
sion, which required treatment with a vasopressor, 
developed in 32; 17 received ephedrine, and 15 re- 
ceived methoxamine. Where there was conflict be- 
tween the two Doppler analyzers, the uterine artery 
was given priority so that umbilical Doppler ratios 
were obtained in only 34 cases: 12, 13, and 9 in the 
control, ephedrine, and methoxamine groups, re- 
spectively. Demographic characteristics of the groups 
are shown in Table 1, and cardiovascular characteris- 
tics recorded on the day before surgery are shown in 
Table 2, along with data on induction to delivery and 
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Table 2. Preoperative Maternal Cardiovascular 
Characteristics, Block Height, and the Induction to 
Delivery (I-D) and Uterine Incision to Delivery 


(U-D) Intervals 
Wa a I 
hypotension Ephedrine Methoxamine 
(n = 15) (n = 17) (n = 15) 
Systolic blood pressure 129 (137 122 (12) 117 (7) 
(mm H 
Diastolic blood pressure 74 (10) 68 (8) 65 (9) 
(mm He) 
Heart rate (beats/min) 89 (19) 93 (11) 93 (15) 
Upper block height” T5 (12-7) T4(T2-9) 13 (12-7) 
I-D interval (min) 44 (8) 38 (6) 37 (5) 
U-D interval (s) 113 (73) 109 (61) 102 (45) 


Data are presented as mean values (SD). 
“P < 0.05 compared with the ephedrine and methoxamine series 
combined. 


- ia 


uteroplacental PI 





baseline 


hypotension 


Figure 1. The change in uteroplacental pulsatility index (PI) in 
those patients who experienced an episode of hypotension, plotted 
at baseline and at the hypotensive episode. 7, 


uterinė incision to delivery intervals and upper block 
height. The patients in the ephedrine and methox- 
amine groups were broadly comparable in all re- 
spects, but the control subjects had significantly 
greater baseline blood pressure than those who re- 
quired vasopressor treatment. 


Effects of Hypotension 


The change in uteroplacental and umbilical pulsatility 
indices from baseline to the lowest recorded blood 
pressure is plotted in Figures 1 and 2, for each patient 
who experienced an episode of hypotension, and the 
changes are summarized along with other hemody- 
namic data in Table 3 and compared with the values - 
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Figure 2. The change in umbilical pulsatility index (PI) in those 
tients who E an episode of hypotension, plotted at 
baseline and at the hypotensive episode. 


of variables recorded during the lowest recorded 
blood pressure in the control series. Uteroplacental 
Doppler indices increased during an episode of hy- 
potension (P < 0.01) (indicating an increase in 
flow resistance), whereas umbilical indices remained 
unchanged. In the control series, uteroplacental 
Doppler indices remained unchanged throughout the 
induction of anesthesia, and there was a small but 
significant reduction in the umbilical indices (P < 
0.05) after the block became established. 


Effects of Vasopressors After Bolus Administration 


The effects of the treatment of hypotension with each 
of the vasopressor drugs on maternal and fetal car- 
diovascular variables during the 5 min after bolus 
administration are shown in Figures 3 and 4 and 
summarized in Table 4. Both ephedrine and methox- 
amine were effective at increasing systolic and dias- 
tolic blood pressure, and differences in the magni- 
tude of the increases at the doses used here were not 
significant. Ephedrine caused either increases or de- 
creases in maternal heart rate and had little effect on 
fetal heart rate, whereas methoxamine caused signif- 
icant decreases in both maternal and fetal heart rate. 
Ephedrine had no effect on either uteroplacental or 
umbilical Doppler ratios, but methoxamine caused 
large but brief increases in uteroplacental ratios, 
which appeared at 2, 3, or 4 min after administration 
and lasted for 1 or 2 min at most. Methoxamine had 
no effect on umbilical Doppler ratios. 


Outcome 


All of the patients studied had delivery carried out 
with unsupplemented epidural anesthesia, although 
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one patient in the control series subsequently re- 
quired general anesthesia because of inadequate sa- 
cral lock. Of those patients who required vasopressor 
therapy, two patients in the ephedrine group and five 
patients in the methoxamine group required addi- 
tional increments of vasopressor to maintain blood 
pressure; the corresponding total doses of ephedrine 
and methoxamine before delivery were 25.1 mg (95% 
CI 23.4-26.7) and 4.5 mg (95% CI 4.0-5.0) in the two 
groups as a whole. Maternal arterial blood pressure 
was significantly higher in the ephedrine group com- 
pared with the methoxamine group at delivery, 
whereas heart rates were similar in all three groups; 
systolic arterial pressure was 120 (95% CI 113-127), 
111 (95% CI 105-117), and 123 mm Hg (95% CI 
114-131) in the ephedrine, methoxamine, and control 
groups, respectively, and corresponding heart rate 
values were 98 (95% CI 87-109), 90 (95% CI 81-99), 
and 103 beats/min (95% CI 90-116). There were no 
statistically significant differences between the ephe- 
drine and methoxamine groups in the predetermined 
variables for hypothesis testing (Table 5). The previ- 
ously identified increases in uteroplacental pulsatility 
index that occurred during an episode of hypotension 
and not in the control series persisted and were 
accompanied by significantly greater placental pH 
gradients in those who experienced an episode of 
hypotension compared with the control series (Table 
6). 


Adverse Effects 


The incidence of hypotension <100 mm Hg during 
this study was 29 of 47 (61%); that <90 mm Hg was 11 
of 47 (23%). Nausea was very common (70%) in those 
in whom hypotension developed and invariably re- 
sponded to vasopressor treatment. Postoperative hy- 
pertension (systolic arterial pressure >150 mm Hg) or 
hypotension (systolic arterial pressure <90 mm Hg) 
did not occur during the first 2 h of recovery. 


Discussion 

Hypotension occurring during lumbar epidural anal- 
gesia for cesarean section is detrimental to fetal 
well-being (8), although it has been suggested (4,9) 
that brief episodes of reduced arterial blood pressure 
treated rapidly do not constitute a hazard. At the 
same time, bolus treatment with vasopressor drugs, 
particularly pure a-adrenergic agonists, has been 
demonstrated to reduce uteroplacental blood flow in 
animals (3). Ephedrine (a mixed a- and -adrenergic 
agonist) is widely used, and the few studies in 
humans that have been reported seem to suggest that 


a-adrenergic agonists are acceptable in human full- 
term pregnancy (4,5). This study attempts to measure 
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Table 3. Mean (95% confidence interval) Changes From Before the Epidural Injection (Baseline) to the Lowest Recorded 


Systolic Arterial Pressure 


Nonhypotensive control subjects (n = 15) 
Baseline Lowest SAP Change Baseline 


Hypotensive patients (n = 32) 
Lowest SAP Change 


Systolic BP 128 (126 to 136) 122 (113 to 133) -5.8 (13 to 1.3) 119 (16 to 123) 90 (86 to 94) -29.5 (—-35 to —24}* 
(mm Hg) 

Diastolic BP 74 (68 to 80) 57 (52 to 64) —16 (—22 to —10) 66 (63 to 70) 45 {42 to 48) —22 (—26 to —17) 
(mm Hg) 

Maternal HR 89 (79 to 100) 102 (92 to 112) 13 (8 to 17) 93 (88 to 98) 97 (89 to 106) 4 (-3 to 12) 
(beats/min) 

Fetal HR 135 (130 to 141) 138 (134 to 142) 4 (~3 to 11) 140 (137 to 144) 141 (137 to 146) 1 (—4 to 6) 
(beats/min) a 


Uteroplacental PI 0.87 (0.77 to 0.97) 0.87 (0.78 to 0.95) 0.003 (—0.07 to 0.07) 


Umbilical PI 


0.82 (0.76 to 0.89) 1.04 (0.92 to 1.17) 0.22 (0.11 to 0.32) 


0.98 (0.88 to 1.09) 0.91 (0.82 to 0.99) ~0.08 (—0.13 to ~0.02) 0.83 (0.74 to 0.92) 0.87 (0.77 to 97) 0.04 (—0.04 to 0.12} 


BP, blood pressure; HR, heart rate; PI, pulsatility index; SAP, systolic arterial pressure. 
tervals. 


Numbers in parentheses are 95% confidence in 
“P < 0.01 between the groups. 
èP < 0.05 between the groups. 


the short- and long-term effects of both hypotension 
and treatment with either ephedrine or methoxamine 
(a pure a-adrenergic agonist). The essential findings 
are that acute hypotension is associated with in- 
creases in uteroplacental Doppler ratios (indicating 
increased resistance to flow); that such increases 
persist despite vasopressor treatment and normaliza- 
tion of blood pressure; that patients who require 
vasopressor therapy demonstrate increased placental 
pH gradients compared with patients who never 
became hypotensive; and that methoxamine does 
result in brief increases in uteroplacental Doppler 
ratios, but they do not persist and there was no 
difference between the two vasopressor groups in 
uteroplacental circulatory parameters or fetal out- 
come. 

Doppler velocimetry has appeared in the past 
decade, and it attempts to assess, semiquantitatively, 
downstream impedance to flow. The flow velocity 
waveform is acquired, and the degree of “pulsatility”’ 
is reported. Various indices are used (10), but essen- 
tially all relate systolic to diastolic velocity; an increas- 
ing ratio implies increasing flow resistance, as a high 
impedance downstream reduces diastolic flow veloc- 
ity because of reflection of the pulse wave (11). 
Neither absolute measures of flow or velocity are 
possible because the vessel diameter and the angle of 
incidence of the ultrasound beam to the flow are both 
unknown. However, it may be assumed that an 
increased Doppler index, representing increased flow 
resistance, is undesirable in either of the circulations 
under consideration here. The technique has been 
validated both clinically (12) and by computer mod- 
eling (13); the pulsatility index correlates closely with 
arterial flow resistance (14) and shows only a minimal 
intraindividual variation over periods of up to 1 wk 
when used to evaluate either the uteroplacental 


(15,16) or umbilical (15,16) circulation. We used two 
continuous-wave analyzers, which have the advan- 
tage of simplicity and the ability to measure Doppler 
shifts over a very wide range. They cannot be com- 
bined with real-time imaging, and thus a potential 
pitfall is to sample different vessels, especially when 
uterine measurements are attempted (7). Continu- 
ous-wave Doppler has nevertheless been compared 
with pulsed Doppler and found to correlate very 
closely (17-19). We continuously tracked the vessel 
under consideration so as to provide an additional 
defense against such an error. 

Limited epidural anesthesia provided during labor 
appears to have no influence on either uteroplacental 
or umbilical Doppler ratios (20,21), but the effect of 
anesthesia for cesarean section is less clear. Studies of 
slowly induced blockade, where maternal blood pres- 
sure has remained stable, have found either no 
change in the uteroplacental Doppler ratios (22-25) or 
a decrease (26). Similarly, the umbilical ratios appear 
either to remain unchanged (22,23) or to decrease 
(24,26), as we observed in the control series. Three 
studies (27-29) have considered the effects of 2% 
lidocaine with epinephrine, also used during this 
study. There were no changes in either uteroplacen- 
tal or umbilical ratios in 12 patients in whom blood 
pressure remained stable (27). Another series of rel- 
atively few patients (28) considered only the umbilical 
circulation and failed to demonstrate any consistent 
changes. A third study (29) using lidocaine with 
epinephrine found increased uteroplacental Doppler 
ratios in a proportion of the patients, similar to our 
observations in those who experienced hypotension, 
that were sssociated with decreased ratios in the 
femoral artery. There were no alterations in the 


_ umbilical ratios (29). We have demonstrated that any 


effects on the uteroplacental circulation are associated 


a 
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Figure 3. Mean (95% confidence interval) maternal systolic and 


diastolic blood pressure, heart rate, and uteroplacental pulsatility — 


index (PI) in the 5 min after administration of vasopressor therapy. 
(@) methoxamine; (O) ephedrine. *P < 0.05, compared with 
baseline. bpm, beats per minute. The increases in PI that occurred 
in individual patients after methoxamine lasted only 1-2 min but 
occurred at slightly different times, giving rise to the wide variabil- 
ity seen and an apparently greater duration than that which 
actually occurred in any individual. 


with hypotension rather than epidural anesthesia per 
se. It is possible that these changes may be associated 
with mechanisms of defense against hypotension 
that appear during high epidural blockade (30). 
Routine vasopressor therapy during regional anes- 
thesia for cesarean section has recently been recom- 
mended (31); however, we used only a limited fluid 
preload and a low threshold for vasopressor treat- 
ment. The indication for vasopressor treatment 
during this study was a small (15%) reduction in 
blood pressure. As a result, the 68% of patients who 
received vasopressor therapy cannot be compared 
with other reported series. The overall incidence of 
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Figure 4. Mean (95% confidence interval) fetal heart rate and 
umbilical pulsatility index (PI) in the 5 min after administration of 
vasopressor therapy. (@) methoxamine; (OQ) ephedrine. *P < 0.05, 
compared with baseline. bpm, beats per minute. 


Table 4. Mean (95% confidence interval) Maximal 
Changes in Cardiovascular Variables and Doppler 
Ratios in the 5 Minutes After Administration of 
Vasopressor Therapy 


Ephedrine Methoxamine 

‘(1 = 17) (n = 15) 
Systolic BP (mm Hg) 33 (24 to 43) 24 (16 to 32) 
Diastolic BP (mm Hg) 23 (16 to 30) 13 (8 to 20) 
HR (beats/min) ~2.5 (—23 to 18) —24 (-32 to —16)" 
Fetal HR (beats/min) ~1.7 (—14 to 10) ~19 (—33 to —5) 
Uteroplacental PI ~0.01 (—0.22 to 0.19) 0.47 (0.24 to 0.69 
Umbilical PI ~0.03 (-0.17 tó 0.11) 0.12 (—0.04 to 0.28) 


BP, blood pressure; HR, heart rate; PI, pulsatility index. 
Numbers in parentheses are 95% confidence intervals. 
“P < 0.05 between the groups. 

bP < 0.01 between the groups. 


significant hypotension (systolic blood pressure 
<90 mm Hg) was 23%, and this is similar to another 
recent series using lidocaine with epinephrine (32). 
Animal studies of the effects of vasopressors on 
uteroplacental blood flow demonstrate conflicting 
results. Methoxamine reduced uterine blood flow by 
60%, whereas ephedrine had little effect when used 
to increase blood pressure by 50%, but this was in the 
absence of regional anesthesia (3). In a study during 
regional anesthesia but without an intravenous pre- 
load, phenylephrine restored maternal blood pres- 
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Table 5. Comparison of the Predetermined Outcome 
Variables Between the Ephedrine (n = 17) and 
Methoxamine (n = 15) Series in Those Patients Who 
Experienced an Episode of Hypotension 


Ephedrine Methoxamine 
Apgar score 1 min 8 (7-9) 8 (7-9) 
Apgar score 5 min 9 (8-10) 9 (9-10) 
MA to UV pH gradient 0.08 (0.06-0.1) 0.07 (0.06-0.09) 
Final UtPI 1.01 (0.87-1.16) 1.03 (0.86-1.20) 
A UtPI 0.14 (0.01-0.29) 0.26 (0.1-0.41) 


MA, maternal artery; UV, umbilical vein; Ut, uteroplacental; PI, pulsa- 
tility index; A UtPI, change in the uteroplacental pulsatility index between 
baseline and the value just before surgery. 

Values are mean (95% confidence intervals) or median and range for the 
Apgar scores. 

There are no significant differences. 


Table 6. Comparison of the Predetermined Outcome 
Variables Between the 15 Control Subjects and the 32 
Patients Who Experienced Hypotension 


Nonhypotension Hypotension 
Apgar score 1 min 8 (7-9) 8 (7-9) 
Apgar score 5 min 9 (9-10) 9 (8-10) 
MA to UV pH gradient 0.04 (0.01-0.07) 0.08 (0.07-0.09)* 
Final UtPI 0.86 (0.72-0.99) 1.02 (0.91-1.10)° 
A UtPI 0.00 (-—0.07-0.06) 0.20 (0.09-0.30)" 


MA, maternal artery; UV, umbilical vein; Ut, uteroplacental; PI, pulsa- 
tility index. 

Values are mean (95% confidence intervals) or median and range for the 
Apgar scores. 

“P < 0.01. 

bP = 0.055. 


sure without restoring uteroplacental flow (33). Met- 
araminol (an a-adrenergic agonist) and ephedrine 
during regional anesthesia both corrected maternal 
arterial blood pressure and improved uteroplacental 
blood flow (34,35). 

Studies in humans of a-adrenergic agonists are 
few, but the one formal publication in which phen- 
ylephrine was used to treat hypotension after 
epidural anesthesia failed to demonstrate any dele- 
terious effects (4). The study presented here demon- 
strates that hypotension, even of a relatively minor 
degree, is associated with an increase in placental 
resistance in the uteroplacental circulation. The last- 
ing effect of a brief period of hypotension was noted 
during a recent investigation (36), and we observed 
that once an episode of hypotension had occurred, 
uteroplacental resistance appeared not to return to 
normal even after correction of the blood pressure. 
Increased placental pH gradients were detectable at 
delivery. Methoxamine did increase uteroplacental 
resistance for a brief period, as predicted by studies in 
animals; the dose of methoxamine that we used 
proved to be less potent than the dose of ephedrine in 
this sample of patients, and a larger dose might have 
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provoked more marked increases in uteroplacental 
flow resistance. The methodology used here did not 
allow exact quantification of blood flow, but despite 
such limitations we cannot recommend the use of 
methoxamine; however, the choice of vasopressor 
seems to be a relatively minor consideration com- 
pared with the avoidance of hypotension. 
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Combination of Low-Dose Epidural Morphine and 
Intramuscular Diclofenac Sodium in Postcesarean Analgesia 


Hsiao-Lun Sun, MB, Chi-Chen Wu, MB, Min-Shung Lin, MB, Ching-Feng Chang, Ms, and 


Martin S. Mok, MD 


Departments of Anesthesiology and Family Medicine, Cathay General Hospital, Taipei, Taiwan, Republic of China and 
Department of Anesthesiology, University of Southern California, Los Angeles, California 


Epidural morphine is used for postcesarean analge- 
sia, and nonsteroidal antiinflammatory drugs are 
frequently administered to relieve uterine cramps 
after vaginal delivery. To assess the efficacy of a 
combination of low-dose epidural morphine and in- 
tramuscular diclofenac sodium in postcesarean anal- 
gesia, a double-blind, randomized study was con- 
ducted. Epidural anesthesia was given to 120 
parturients who were randomly allocated into four 
treatment groups: group A received normal saline 
solution, 10 mL epidurally and 3 mL intramuscularly 
(IM); group B received 10 mL of epidural saline 
solution and 75 mg (3 mL) of diclofenac IM; group C 
received 2 mg of morphine in 10 mL of epidural saline 
solution and 3 mL of saline solution IM; and group D 
received 2 mg of morphine in 10 mL of epidural saline 
solution and 75 mg of diclofenac IM. Epidural injec- 
tions were given after delivery of the placenta, and 
IM injections were given on arrival in the recovery 
room. Verbal analogue pain scores were recorded at 
2, 4, 8, 12, 18, and 24 h after epidural injection. 


ontrol of postoperative pain with epidural 

opioids has become common practice, partic- 

ularly after cesarean delivery (1-5). A low dose 
of 2 mg of epidural morphine has been found to be 
effective in inducing analgesia after lower abdominal 
surgery (6) but inadequate in a considerable propor- 
tion of patients after cesarean section (2,6,7). The 
difference is noteworthy. Patients after cesarean sec- 
tion suffer from two kinds of acute pain: wound pain 
and spasmodic uterine contraction pain; however, 
only a few studies related to postcesarean analgesia 
have ever addressed this issue (6,8,9). In the past 
10 yr, a number of reports (10-14) demonstrating the 
analgesic efficacy of parenteral nonsteroidal antiin- 


_ This study was conducted at Cathay General Hospital, Taipei, 
Taiwan, Republic of China. 

Accepted for publication March 6, 1992. 

Address correspondence to Hsiao-Lun Sun, MB, Department of 
Anesthesiology, Cathay General Hospital, 280, Section 4, Jen-Ai 
Road Taipei, Taiwan, Republic of China. 


64 Anesth Analg 1992;75:64-8 


Subjective scores of overall pain relief were also 
recorded at 24 h. Results showed that scores of 
overall pain relief were significantly better in group D 
compared with group A, B, or C (P < 0.05)..Groups A 
and B required more supplemental meperidine than 
groups C and D. None of the subjects in group D 
requested supplemental analgesia. Compared with 
the other three groups, group D experienced a better 
analgesic effect for both wound pain and uterine 
cramping pain from 4 to 18 h (P < 0.05). Incidence of 
nausea or vomiting, or both, and pruritus occurred 
more frequently in groups C and D compared with 
group A or B (P < 0.05). No bradypnea was observed 
during the study period. Diclofenac alone was not 
effective in postcesarean analgesia. We conclude that 
combining low-dose (2 mg) epidural morphine and 
IM diclofenac enhances analgesic efficacy in the treat- 
ment of both wound pain and uterine cramps after 
cesarean section. 

(Anesth Analg 1992;75:64-8) 


flammatory drugs (NSAIDs) alone or in combination 
with opioids for various types of acute pain have 
been presented. The NSAIDs have also been used to 
relieve uterine cramps after vaginal delivery 
(8,9,15,16). Therefore, much interest has been gener- 
ated in finding the means of potentiating the analge- 
sic effect of low-dose epidural morphine without 
accentuating the adverse effects. In this study, we 
evaluated the effect of 75 mg of intramuscular (IM) 
diclofenac sodium, 2 mg of epidural morphine, and 
the combination. of these two regimens in postcesar- 
ean analgesia to see whether the combination could 
be clinically more effective than either drug alone. 


Methods 


A double-blind, randomized study was approved by 
the Human Subjects Committee of our hospital and 
conducted from November 1990 to February 1991. 
One hundred twenty parturients of ASA physical 
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status I or II about to undergo elective cesarean 
section were enrolled in the study. Informed consent 
was obtained from all of them, and a verbal analogue 
pain score (0, no pain; 10, the worst pain) was 
explained before induction of anesthesia. After hy- 
dration with 750 mL of lactated Ringer’s solution, an 
epidural catheter was inserted through a Portex 
minipack 16G Tuohy needle at the L2-3 or 13-4 
interspace and the tip advanced 3-5 cm cephalad. 
Sensory anesthesia (determined by pinprick) extend- 
ing to the T-4 dermatome was achieved with 2% 
lidocaine with freshly added epinephrine 1:200,000. 
After delivery, 10 U of oxytocin and 0.2 mg of 
ergonovine were administered intravenously. The 
parturients were allocated at random into one of four 
treatment groups: group A received 10 mL of epidu- 
ral and 3 mL of IM normal saline solution; group B 
received 10 mL of epidural normal saline solution and 
75 mg (3 mL) of IM diclofenac; group C received 2 mg 
of epidural morphine in 10 mL of normal saline 
solution and 3 mL of IM normal saline solution; and 
group D received 2 mg of epidural morphine in 10 mL 
of normal saline solution and 75 mg (3 mL) of IM 
diclofenac. Epidural injections were given after deliv- 
ery of the placenta and the IM injections on arrival in 
the recovery room. Epidural catheters were removed 
after surgery. All drugs were given in a double-blind 
manner. After a 2-h stay in the recovery room, 
patients were sent to the obstetric ward. An Ohmeda 
Biox 3760 pulse oximeter was used continuously 
during the study period, and hemoglobin oxygen 
saturation was recorded every 3 h or at any time it 
declined to <90%, the alarm setting. Vital signs 
(blood pressure, heart rate, body temperature, and 
respiratory rate) were checked every 3 h for 24 h. An 
anesthesiologist unaware of the treatment groups 
was responsible for visiting the patients to obtain 
pain scores at 2, 4, 8, 12, 18, and 24 h after epidural 
injection. Patients were asked to rate the intensity of 
wound pain and uterine contraction pain at each 
interval. Generally, they could differentiate between 
the two sources of pain without difficulty. At the end 
of the follow-up, patients were asked to grade the 
overall pain relief according to the following score: 1, 
excellent; 2, good; 3, moderate; and 4, poor. Side 
effects, such as nausea or vomiting, or both, pruritus, 
and bradypnea (rate < 12 breaths/min) were man- 
aged with diphenhydramine (30 mg IM) or naloxone 
(0.2 mg IV) as necessary. The rescue analgesic was 
standardized as meperidine 50 mg IM every 4h at the 
patient’s request. This is the conventional pain man- 
agement schedule in our obstetric ward. Bleeding 
was regarded as abnormal when the obstetrician 
decided to use oxytocin to increase uterine tone. 
Parturients with bronchial asthma, severe liver or 
kidney diseases, peptic ulcer, abnormal bleeding ten- 
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Table 1. Clinical Characteristics of the Four 


Study Groups 
Group A Group B GroupC Group D 
(n'= 29) (n = 29) (n = 29) (n = 30) 
Age (yr) 31 +1 30 + 1 ot 1 30 +1 
Weight (kg) 674+1.1 69.1+2.0 659415 66541. 


Height (cm) 157.3 + 1.0 157.4 + 1.0 157.2+0.9 157.2 + 0.9 
Parity (N/M) 10/19 11/18 10/19 13/17 


N, nulliparous; M, multtparous. 
Values for age, weight, and height are mean values + sea; there were no 


significant among the four groups (ANOVA). 


dency, or known history of allergy to NSAIDs were 
excluded from the study. 

Data are expressed as mean values + sEM. Analy- 
ses of variance and the Newman-Keuls test were 
used to evaluate age, weight, and height of the 
parturients, pain scores, and scores of overall pain 
relief, as well as meperidine requirement; y tests 
were performed for parity and the occurrence of 
bleeding, nausea or vomiting, or both, pruritus, and 
bradypnea. A P value < 0.05 was considered signif- 
icant. 


Results 


Within 12 h after cesarean section, large amounts of 
lochia were observed in three patients, one in each of 
groups A, B, and C. These three subjects were 
excluded from the study owing to severe uterine 
contraction pain after oxytocin infusion. There were 
no significant differences among the four treatment 
groups with regard to age, weight, height, and parity 
(Table 1). There were significant differences among 
the four groups in terms of both wound pain and 
uterine contraction pain between 4 and 24 h. Groups 
C and D had lower wound pain and uterine contrac- 
tion pain scores than groups A and B after 4 h 
(Figures 1 and 2). With regard to wound pain, signif- 
icant differences in pain scores among the four 
groups at specified times are shown in Figure 1. 
Although pain scores were generally lower in group 
B compared with group A, significant differences 
occurred only during 12-18 h. Compared with group 
C, wound pain scores were lower in group D, with a 
significant difference observed at 12 h. 

In contrast to the effect of diclofenac on wound 
pain, scores of uterine contraction pain after the 
administration of diclofenac in group B were signifi- 
cantly lower than uterine contraction pain scores in 
group A between 4 and 18 h (Figure 2). Compared 
with group A or B, both groups C and D had 
significantly lower scores of uterine contraction pain 
during most of the 4-18 h. When 2 mg of epidural 
morphine was used, most of the pain scores re- 


66 OBSTETRIC ANESTHESIA SUN ET AL. 
LOW-DOSE EPIDURAL MORPHINE AND IM DICLOFENAC 


* Gap A+ Gap B+ Gap C+ Gap th 





p 10 
a 9 
; 8 
n7 
6 
Pe: 
4 
“3 
° 2 
‘it D + 
e o 
2h 4h 8h Wh 18h Ah 


Figure 1. Mean incisional pain scores in the four treatment groups. 
*P < 0.05, group C versus D; *P < 0.05, group B versus D; **P < 
0.05, group B versus C; **"*P < 0.05, group A versus B. 
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Figure 2. Mean uterine contraction pain scores in the four treat- 
ment groups. *P < 0.05, group C versus D; **P < 0.05, group B 
versus D; ***P < 0.05, group B versus C; “=P < 0.05, group A 
versus B. 


mained low during the first 12 h in both groups C and 
D and gradually increased thereafter. When a com- 
parison was made between the two groups, a signif- 
icantly lower score of uterine contraction pain was 
observed in group D between 4 and 18 h (Figure 2). 

In terms of patient satisfaction with pain relief, the 
overall pain relief score was significantly superior in 
group D compared with group A, B, or C, with no 
significant difference among the latter three groups 
(Figure 3). Approximately 96% of the patients in 
group D experienced excellent to good pain relief; 
however, in groups B and C, the efficacy of pain relief 
decreased to 62%-65%. Groups A and B required 
more meperidine than groups C and D, whereas no 
patient in group D requested supplemental analgesia 
(Table 2). 

Incidence of nausea or vomiting, or both, and 
pruritus occurred more frequently in groups C and D 
compared with group A or B (P < 0.05) (Table 3). The 
respiratory rate for all subjects remained >12 breaths/ 
min during the study period, and the hemoglobin 
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Figure 3. Patient assessment of pain relief in the four treatment 
groups. *P < 0.05, group D versus group A, B, or C. 


Table 2. Meperidine Requirement in Each Study Group 
Group A GroupB GroupC Group D 


(n = 29) (n= 29) (n= 29) (2 = 30) 
Total dose (mg)" 3650 2450 400 Q 
Patients requiring 26 20 6 0 


treatment (1) 


°P < 0.05 among the four groups (ANOVA). 


Table 3. Side Effect in Each Study Group 
Group A GroupB Group C Group D 


Side effect (n = 29) (n= 29) (n= 29) {n = 30) 
Nausea/vomiting” 2 6 10 12 
Pruritus* 0 1 ir 30 
Bleeding ] 1 1 0 
Bradypnea 0 0 0 0 


‘pP < 0.05 among the four groups (y-test). 


oxygen saturation was >90% in all patients. Pruritus 
was the most frequent side effect in the present 
study, especially in patients who received morphine 
treatment; however, the condition was mild in most 
of the patients, and only one patient needed diphen- 
hydramine (30 mg IM) management. 


Discussion 


We observed higher pain scores and the need for 
additional analgesia in the 2-mg epidural morphine 
regimen, compared with the drug combination regi- 
men. This is compatible with previous reports that 
although 2 mg of epidural morphine is effective for 
pain relief after lower abdominal surgery, it is not as 
effective in postcesarean analgesia (2,6,7). The find- 
ing that the combination of epidural morphine and 
IM diclofenac was superior to epidural morphine 
alone in analgesic quality and duration during the 
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4-18-h period indicates that diclofenac contributes to 
additional relief of both wound pain and uterine 
contraction pain. The efficacy of 2 mg of epidural 
morphine in postcesarean analgesia was enhanced by 
the addition of diclofenac. Niv et al. (6) reported 
spasmodic uterine cramps in a postcesarean section 
group given 2 mg of epidural morphine. They were 
subsequently treated with single doses of IM dipy- 
rone. Bloomfield et al. (8,9,15) and Sunshine et al. 
(16) compared various oral NSAIDs in the treatment 
of postpartum pain after vaginal delivery and found 
that NSAIDs were superior to codeine and placebo in 
relieving uterine cramps. In our study, patients given 
IM diclofenac consumed less meperidine and had 
lower pain scores compared with the placebo group. 
This finding is consistent with other studies (10-12) 
that indicated that NSAIDs have an opioid-sparing 
effect. We also observed that diclofenac was more 
effective in relieving uterine contraction pain than 
wound pain, indicating the contribution of NSAIDs 
to the relief of uterine cramps, as shown in other 
studies (8,9,15,16). Although better than placebo, IM 
diclofenac alone was not as effective as 2 mg of 
epidural morphine with regard to relieving both 
wound pain and uterine contraction pain. The results 
demonstrated that the 75-mg dose of diclofenac alone 
was not adequate in postcesarean analgesia. 

Prostaglandins have been recognized as important 
mediators in enhancing postpartum uterine contrac- 
tile activity (17). Prostaglandins are closely related to 
dysmenorrhea and are probably the cause of postpar- 
tum uterine pain. The NSAIDs were thought to exert 
their analgesic effect by the inhibition of prostaglan- 
din synthesis, thus reducing both wound pain and 
uterine contraction pain after cesarean section. In 
addition to the well-documented peripheral mecha- 
nism, a central antinociceptive action of NSAIDs has 
been demonstrated in both animals (18,19) and hu- 
mans (20). Diclofenac sodium, a potent prostaglandin 
synthetase inhibitor, has been shown to possess 
antiinflammatory, antiedema, antipyretic, and anal- 
gesic properties (21,22). Martini et al. (23) also dem- 
onstrated increased levels of peripheral B-endorphin 
after diclofenac treatment and proposed its contribu- 
tion to analgesia. In the present study, we identified 
the advantages of each analgesic component {{a] the 
spinal analgesia of epidural morphine; [b] the periph- 
eral inhibition of prostaglandin synthesis and the 
nonopioid supraspinal nociceptive reflex inhibition 
property of NSAIDs) in providing enhanced post- 
cesarean analgesia. 

Most of the patients receiving combination analge- 
sia were satisfied with the pain control, and there was 
no difference among the other three groups with 
regard to overall pain relief. Our results showed that 
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approximately 96% of the patients receiving the com- 
bination of 2 mg of epidural morphine and IM di- 
clofenac experienced excellent to good pain relief. 
Analgesia resulted from the combination of drugs 
with different mechanisms, especially the contribu- 
tion of NSAIDs to uterine cramp pain relief. In view 
of the high level of effectiveness and average inci- 
dence of side effects, postcesarean pain may be 
relieved by the combination of 2 mg of epidural 
morphine and IM diclofenac without potentiating 
other side effects. 

The risk of postpartum hemorrhage related to 
NSAIDs should be taken into consideration. Three 
patients were found to have abnormal amounts of 
lochia because of poor uterine contraction; only one 
of them received diclofenac injection. Diclofenac can 
prolong bleeding time and reduce platelet aggrega- 
tion (24,25); however, diclofenac-induced postopera- 
tive bleeding is rare in clinical practice (10,24,25). 
Furthermore, in studies reported by Bloomfield et al. 
(8,9,15) and Sunshine et al. (16), NSAIDs have been 
used effectively for relieving postpartum uterine 
cramps and postepisiotomy pain without significant 
side effects. 

In conclusion, diclofenac sodium alone is not ade- 
quate for postcesarean analgesia. Although effective 
in relieving most wound pain, 2 mg of epidural 
morphine is not fully effective in relieving uterine 
contraction pain. The combination of low-dose (2 mg) 
epidural morphine and 75 mg of IM diclofenac so- 
dium enhances the analgesic effect in the treatment of 
both wound pain and uterine cramps after cesarean 
section. 
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The admixture of clonidine or epinephrine to 
lidocaine for brachial plexus block was studied with 
regard to duration of block, postoperative analgesia, 
and plasma concentrations of lidocaine. Thirty-three 
patients of ASA physical status I and II received an 
admixture of either clonidine (150 ug; n = 15) or 
epinephrine (200 ug; n = 18) to 40 mL of 1% lidocaine 
in a randomized, double-blind fashion. Bone surgery 
predominated in those patients receiving clonidine 
and soft-tissue surgery in those receiving epineph- 
rine (P < 0.05). Onset and duration of block were not 
different between the groups. With the admixture of 
clonidine, fewer patients were completely pain free 
for >12 h (13.3%) and pain scores (visual analogue 
scale 0-10) were higher 6 h after the block (median 4; 


range 0-6) than with epinephrine (61.1%; median 2; 
range 0-7, respectively; P < 0.05). In patients who 
had received clonidine, peak plasma concentrations 
of lidocaine were higher (10.29 + 2.96 mol/L) and 
occurred earlier (23.7 + 9.3 min; mean + sp) than in 
those treated with epinephrine (6.9 + 1.71 pmol/L; 
72.5 + 56.2 min; P < 0.05). This indicates the absence 
of a local vasoconstrictor effect of clonidine and 
implies a reduced margin of safety with regard to 
local anesthetic toxicity. Although clonidine does not 
offer advantages compared with epinephrine, it may 
be a useful adjunct to local anesthetics in those 
patients in whom the administration of epinephrine 
is contraindicated. 

(Anesth Analg 1992;75:69-74) 





peripheral nerve block prolongs block duration 

and postoperative analgesia (1-4). The addition 
of 150 ug of clonidine to 20 mL of 0.75% lidocaine 
(1) or to 30 mL of 0.35% bupivacaine (2) in femoral 
nerve block increased the time of postoperative anal- 
gesia by a factor of 3 and 2.6, respectively, compared 
with the local anesthetic with an admixture of 250 ug 
of epinephrine. In brachial plexus block, 150 ug of 
clonidine added to 40 mL of 1% mepivacaine with 
epinephrine 1:200,000 (3) or to 30 mL of 1.5% 
lidocaine with epinephrine 1:200,000 (4) significantly 
prolonged postoperative analgesia by a factor of 2 
and 1.4, respectively. The local anesthetic-prolonging 
effect of clonidine seems to be mediated locally at the 
peripheral nerve, because subcutaneous or intramus- 
cular injection of clonidine did not increase the dura- 
tion of the block (3,4). The mechanism of action of 
clonidine at the level of the peripheral nerve is not 
known. Clonidine, a selective a-receptor agonist (5), 
might evoke local vasoconstriction by postsynaptic 


j | The addition of clonidine to local anesthetics in 
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adrenergic receptor activation (6), leading to delayed 
systemic absorption of the local anesthetic and thus 
to prolongation of the local anesthetic effect. This 
action of clonidine would be comparable to that of 
epinephrine, which is used as a standard adjunct to 
local anesthetics owing to its vasoconstrictor activity 
(7). 

The present study was conducted to compare the 
effects of an addition of either clonidine or epineph- 
rine to lidocaine for brachial plexus block, with regard 
to block duration and postoperative analgesia. 
Lidocaine plasma concentrations were measured be- 
cause they reflect local vasoconstrictor effects of the 
adjuncts. 


Methods 


Thirty-three patients of ASA physical status I or II, 
scheduled for elective surgery of the hand or forearm, 
were included in the study, which was conducted in 
a randomized, double-blind fashion. The study was 
approved by the hospital ethics committee, and writ- 
ten, informed consent was obtained from all patients. 

Study exclusion criteria included medication inter- 
fering with arterial blood pressure regulation, regular 
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intake of analgesic and psychotropic drugs, periph- 
eral neuropathy, and an incomplete axillary plexus 
block or a time requirement of >10 min to perform 
the block. This time limit was arbitrarily chosen to 
reduce the variability in lidocaine plasma concentra- 
tions that would result from large variations in injec- 
tion times. 

The study was originally designed to be conducted 
with 40 patients, equally divided into two groups, 
during a period of 6-9 mo. It was terminated after 
9 mo, with 34 patients having been examined. All 
axillary blocks were successfully performed, except in 
one patient in the clonidine group who was excluded 
from the study. 

Patients did not receive any premedication, and no 
additional medication was administered intraopera- 
tively. On arrival in the anesthesia induction room, 
patients were equipped in a standard fashion with a 
three-lead electrocardiogram, an automatic blood 
pressure device, and a peripheral venous line. After 
baseline heart rate, arterial blood pressure, pain 
score, and sedation score had been recorded, the 
axillary block was performed with 40 mL of 1% 
lidocaine hydrochloride in all patients. A 1-mL solu- 
tion containing either 150 ug of clonidine (Boehringer 
Ingelheim) (clonidine group, n = 15) or 200 ug of 
epinephrine (epinephrine group, n = 18) was added 
to the lidocaine solution immediately before the axil- 
lary block injection. 

All axillary blocks were performed with the same 
technique by an experienced anesthesiologist. The 
arm was supinated and abducted, and the median, 
ulnar, radial, and musculocutaneous nerves were 
located with the help of a nerve stimulator. A current 
of <0.5 mA was applied, and a 23-gauge Top Pole 
insulated needle was used. Twelve milliliters of the 
local anesthetic was injected at each of the following 
points: median, ulnar, and radial nerves, and 5 mL 
was injected at the musculocutaneous nerve. 

After performance of the nerve block, patients 
were evaluated every 10 min until complete sensory 
and motor block had been achieved in the different 
distribution areas of the nerves. Sensory block was 
evaluated by the pinprick test on a three-point scale 
(0, normal sensation; 1, blunted sensation; 2, no 
perception) and by the temperature test to ether (0, 
normal; 1, loss of temperature perception). Assess- 
ment of motor block was derived from the technique 
described by Bromage (8) on a three-point scale (0, 
normal motor function with full flexion and extension 
of elbow, wrist, and fingers; 1, decreased motor 
strength with ability to move fingers only; 2, com- 
plete motor block with inability to move fingers). 
After termination of the surgery, evaluation of the 
nerve block was performed every 30 min until com- 
plete recovery had occurred. 
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Pain intensity was evaluated on a weighted visual 
analogue scale (VAS), which consisted of a sigmoid 
line with 10 steps, from 0 (no pain) to 10 (worst pain), 
showing corresponding facial expressions that 
ranged from smiling to suffering. The VAS score was 
recorded at 10-, 20-, 30-, 45-, and 60-min intervals 
after performance of the axillary block and every 
30 min thereafter for up to 8 h after performance of 
the block. Patients were asked in the morning after 
surgery about the maximal pain they experienced 
during the night, and their pain score was reas- 
sessed. 

Patient sedation was evaluated on a five-point 
sedation scale (0, wide awake; 1, drowsy; 2, dozing 
intermittently; 3, mostly asleep; 4, only awake when 
aroused), and their values were recorded simulta- 
neously with the pain scores. 

Blood pressure and heart rate, monitored contin- 
uously during the performance of the axillary block 
and the operation, were recorded postoperatively at 
the same times as the pain scores. 

To measure lidocaine plasma concentrations, 
blood was withdrawn from the peripheral venous 
catheter at the following time points: before the 
axillary lidocaine injection (time 0) and at intervals of 
10, 20, 30, 45, 60, 90, 120, 180, 240, 360, and 480 min 
after termination of the axillary injection. Lidocaine in 
plasma was detected by a fluorescence polarization 
immunoassay (Abbott Laboratories), which has a 
sensitivity of 0.43 mol/L. Plasma for the measure- 
ment of lidocaine concentrations could be used for 
analysis from 13 patients treated with clonidine and 
from 16 patients treated with epinephrine. Lidocaine 
elimination in plasma was assumed to proceed by 
first-order kinetics (9). The elimination half-life (T,,) 
was determined from the slope of the semilogarith- 
mic plot of the declining lidocaine plasma concentra- 
tion against time. The area under the curve was 
obtained by the trapezoidal rule, and the maximal 
concentration of lidocaine in plasma was calculated as 
the mean of the highest and its two surrounding 
values. 

Postoperative pain medication was restricted to 
mefenamic acid. In the morning after surgery, pa- 
tients were asked about the amount of mefenamic 
acid taken and the quality of the axillary block as well 
as the side effects. 

Statistical analysis of continuous data was per- 
formed with the unpaired t-test. A repeated mea- 
sures analysis of variance was performed to evaluate 
changes in mean arterial blood pressure and heart 
rate within each group, followed, if indicated, by the 
Scheffé test for homogeneity of variance. Analysis of 
pain and sedation scores and of pharmacokinetic data 
were performed by the Mann-Whitney U-test. Dis- 
crete patients’ characteristics data were treated by the 
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Table 1. Clinical Characteristics of 33 Patients 


Clonidine Epinephrine 
group group 
(n = 15) (n = 18) 
M/F 9/6 16/2 
Age (yr) 4] + 14 38 + 12 
Weight (kg) 73 + 10 68 + 10 
Height (cm) 172 + 8 VEEB 
In-/Outpatients 3/12 6/12 
Type of surgery (bone/soft tissue) 12/3" 5/13 
Osteosynthesis 1C 4 
Removal of osteosynthetic material 2 2 
Tendons and ligaments 3 8 
Synovectomy — 3 
Arthroscopy -~ 1 
Duration of operation (min) 75 + 18 77 = 32 
Duration of tourniquet (min) 71 + 21 Tate 


Values for age, weight, height, duration of operation, and tourniquet 
application are expressed as mean values + sp. 
#P < 0.05. 


y‘-test. In all tests, P < 0.05 was considered signifi- 
cant. Continuous data are presented as mean values 
+ sp, and ordinal data as median and range. Baseline 
values before nerve block performance are shown in 
the tables and figures as time point 0. 


Results 


As summarized in Table 1, the two groups of patients 
were not different with regard to age, body weight, 
height, duration of operation and tourniquet applica- 
tion, and distribution ratio between inpatients and 
outpatients. Bone surgery was mainly performed 
under axillary block supplemented with clonidine, 
whereas soft-tissue surgery was more frequent in 
patients who had received epinephrine (P < 0.05). 
The percentage of women tended to be greater in the 
clonidine than in the epinephrine group (P = 0.054). 

Onset and recovery of sensory and motor block 
were not different between the groups (Table 2). 
Intraoperative pain, due to tourniquet application, 
was experienced after 73 and 105 min in two patients 
who had received clonidine and after 50 and 110 min 
in two patients treated with epinephrine. In these 
patients, pain ceased immediately after removal of 
the tourniquet, and additional treatment for pain was 
not required. 

Maximal pain scores during the postoperative pe- 
riod tended to be higher in patients who had received 
clonidine (median 6; range 1-9) than in those treated 
with epinephrine (median 3.75; range 0-8.5; P < 
0.05). There were more patients completely free of 
pain (VAS = 0) for >12 h after performance of the 
axillary block (61.1%) in the epinephrine than in the 
clonidine group (13.3%). The total amount of 
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Table 2. Duration of Axillary Block in 33 Patients 


Clonidine Epinephrine 
group group 
(n = 15) (n = 18) 
Complete block (min) 
Sensory (pinprick) RREY 227 
sensory (temperature) 18 + 6 16:27 
Motor 22 E7 RIEG 
First sign of recovery (min) 
Sensory (pinprick) 190 + 30 201 2 57 
Sensory (temperature) 184 + 38 201 + 56 
Motor 195-55 200 + 66 
Complete recovery (min) 
Sensory (pinprick) 290 + 62 303 + 74 
Sensory (temperature) 273 + 56 302 + 74 
Motor 268 + 54 276 + 66 


Values are expressed as mean values + sb. 


mefenamic acid required until the next morning was 
comparable in the two groups, amounting to 1367 + 
834 mg in patients who had received clonidine and 
972 + 776 mg in those who had received epinephrine. 

The pain scores during the study are illustrated in 
Figure 1. A median VAS value of 0 was observed until 
180 min after axillary block performance in patients 
treated with clonidine and until 210 min in patients 
treated with epinephrine. Thereafter, VAS values 
tended to be higher in patients who had received 
clonidine. The pain score was significantly higher in 
clonidine-treated (VAS: median 4; range 0-6) com- 
pared with epinephrine-treated patients 360 min after 
axillary injection (VAS: median 2; range 0-7). 

Sedation scores during the study are presented in 
Table 3. Clonidine-treated patients showed a signifi- 
cant degree of sedation between 30 and 90 min after 
axillary injection (sedation score: median 1; range 
Q-3) compared with patients treated with epineph- 
rine (sedation score: median 0; range 0-1). 

There were no differences in mean arterial blood 
pressure and heart rate between groups throughout 
the study (data not shown). The mean arterial blood 
pressure did not change from baseline values in 
either group. However, in clonidine-treated patients, 
a small but significant decrease in heart rate was 
observed at 60 (66 + 7 beats/min) and 90 min (65 + 7 
beats/min) after axillary block, compared with base- 
line (75 + 10 beats/min; P < 0.05), whereas no 
changes occurred within the epinephrine group. 

The curves of the lidocaine plasma concentrations 
are shown in Figure 2 and corresponding pharmaco- 
kinetic data in Table 4. The addition of clonidine or 
epinephrine to lidocaine led to a significant difference 
in lidocaine plasma concentrations during the first 
90 min after injection. In the presence of epinephrine, 
the lidocaine plasma concentration curve presented a 
plateau instead of a peak, as observed for clonidine. 
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Figure 1. Pain scores (median and range) after axil- 
lary block, evaluated on a visual analogue scale (VAS) 
from 0 (no pain) to 10 (worst pain) in patients who 


£ Ẹ G had received an admixture of 150 ug of clonidine (n = 
oe = 15) or 200 ug of epinephrine (n = 18) to 40 mL of 1% 
j H = lidocaine for brachial plexus block. *P < 0.05, com- 
f- parison between groups. 
E an g 
Je & $34 A | 
$2 F378 
| P| 
0 200 400 min — night morning 
Table 3. Sedation Scores in 33 Patients 
Patient Time after axillary block (min) 
group 0 10 20 30 45 60 90 120 180 240 360 480 
Clonidine 0 0 0 r lig y r 1 0 0 0 0 
(n = 15) (0) (0-2) (0-3) (0-3) (0-3) (0-3) (0-3) (0-2) (0-2) (0-4) (0-2) (0) 
Epinephrine 0 0 0 0 0 0 0 0 0 0 0 0 
(n = 18) (0) (0-1) (0-1) (0-1) (0-1) (0-1) (0-1) (0-2) (0-3) (0-3) (0-3) (0-1) 


Sedation scores (median and range) were evaluated on a scale of 0-4: 0, awake; 1, drowsy; 2, dozing intennittently; 3, mostly asleep; 4, awake only when 
aroused 


ap < 0.05. 


Maximal plasma concentrations of lidocaine were 
higher (10.29 + 2.96 mol/L) and occurred sooner 
(23.7 + 9.3 min) in the clonidine than in the epineph- 
rine group (6.9 + 1.71 pmol/L; 72.5 + 56.2 min; P < 
0.05). This indicates a more rapid systemic absorption 
of lidocaine in the presence of clonidine. The elimi- 
nation half-life of lidocaine in plasma and the area 
under the curve of lidocaine plasma concentration 
during the 480 min after axillary injection were not 
different between the groups. Anesthesia was ade- 
quate in all patients, except for two in each group 
who experienced some discomfort at the end of 
surgery but did not require any additional medica- 
tion. Two patients who had received clonidine expe- 
rienced an episode of nausea and bradycardia in the 
recovery room at 2 and 4h after axillary block, with a 
heart rate between 50 and 55 beats/min; one patient 
was treated with atropine (0.5 mg IV), whereas 
bradycardia and nausea ceased spontaneously in the 
other patient. One patient in the epinephrine group 
had supraventricular extrasystoles during axillary in- 
jection and complained of palpitations. Another pa- 
tient treated with epinephrine had nausea and brady- 
cardia (50 beats/min) during performance of the 
block, which ceased spontaneously. 


Lidocaine Plasma Concentrations (umobt) 
a 





0 100 200 300 400 800 
min 


Figure 2. Lidocaine plasma concentrations (mean values + sp) 
after axillary block, in patients who had received an admixture of 
150 ug of clonidine (n = 13) or 200 ug of epinephrine (n = 16) to 
40 mL of 1% lidocaine for brachial plexus block. *P < 0.65, 
comparison between groups. 


Discussion 


The short duration of action of plain lidocaine that 
amounts to approximately 60 min (7) did not allow us 
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Table 4. Lidocaine Plasma Concentrations in 29 Patients 


Patient Tin AUC Cs Tias 
group (min) (umol/L x 480 min) (umol/L) (min) 
Clonidine 171.5 2334 10.29 23.70 
(n=13) +35.8 +507 +2.96 +9.30 
Epinephrine 212.5 2116 6.90" 72.50 

(n=16) +74.7 +537 +1.71 +56.2 


Tip, elimination half-life; AUC, area under the curve; C,,,, maximal 
plasma concentration; Tma time of maximal plasma concentration. 

Values are expressed as mean values + sp. 

‘P < 0.05. 


to include a control group with plain lidocaine only, 
which would have provided a better comparison of 
the effects of clonidine. A longer lasting local anes- 
thetic was not used, because it would have prolonged 
the period of postoperative surveillance and blood 
sample collection. The dose of 150 ug of clonidine 
was chosen on the basis of previous reports (1-4). 
The dose of epinephrine used (200 ug) resulted in a 
concentration of 1:200,000, which is considered opti- 
mal in providing local vasoconstriction and thus 
delayed systemic absorption of local anesthetics (7). 
The results of this study clearly show that the admix- 
ture of 150 ug of clonidine or 200 ug of epinephrine to 
lidocaine provides identical onset, duration, and re- 
gression times for axillary plexus blockade. Because 
epinephrine admixture to lidocaine has been shown 
to prolong the duration of an axillary plexus block by 
a factor of approximately 1.4 (10), a similar block- 
prolonging factor for clonidine can be assumed under 
the present study conditions. 

The mechanism by which clonidine and epineph- 
rine result in a comparable duration of axillary block 
differs, as evidenced by lidocaine plasma concentra- 
tions. In patients who had received the epinephrine 
admixture, peak plasma concentrations of lidocaine 
were 33% lower and markedly delayed, compared 
with patients who had received clonidine. The de- 
layed systemic absorption of lidocaine is mainly due 
to the vasoconstrictor action of epinephrine (7,10), 
which is not observed with clonidine. Because a 
systemic action of clonidine cannot explain the in- 
crease in axillary block duration (3,4), clonidine may 
prolong the effects of local anesthetics by a direct 
action on the nerve. Recent experiments conducted 
on the isolated vagal nerve of the rabbit indicate that 
very low concentrations of clonidine interact in a 
synergistic fashion with lidocaine to decrease C-fiber 
action potentials (11). 

The addition of epinephrine to local anesthetics for 
peripheral nerve blocks reduces the risk of local 
anesthetic toxicity by delaying systemic absorption 
(7). Because clonidine does not provide local vasocon- 
striction, the margin of safety with regard to local 
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anesthetic toxicity may be decreased, limiting its use 
for peripheral nerve block. On the other hand, the 
admixture of epinephrine to local anesthetics may be 
contraindicated in patients with severe hypertension, 
cardiovascular disease, and hyperthyroidism (7), and 
in these cases, clonidine may present an alternative to 
epinephrine. 

Despite the equal axillary block duration obtained 
with clonidine or epinephrine admixture, postopera- 
tive analgesia was less in patients who had received 
clonidine. This might be due to the fact that patients 
and surgical interventions were not perfectly 
matched as a result of the double-blind study design. 
Osteosynthetic procedures, which are potentially 
more painful than soft-tissue operations, were more 
frequent in patients treated with clonidine than in 
those who had received epinephrine. Further, the 
slightly higher percentage of women in the clonidine 
group might have led to a higher pain rating, as 
women are more sensitive to painful stimuli than 
men (12). This imbalance between groups might 
contribute to the difference between our study and 
previous reports. These described a significant in- 
crease in the duration of postoperative analgesia 
when 150 ug of clonidine was added to local anes- 
thetics for femoral nerve block (1,2). On the other 
hand, a certain hyperalgesic effect of clonidine cannot 
be completely excluded. In experiments in rats, the 
injection of clonidine into the lateral reticular nu- 
cleus, which is involved in the central organization of 
descending nociceptive modulation, caused a signif- 
icant increase in thermal nociception (13). Further- 
more, there has been a recent report that intrathecal 
clonidine produced pain in a patient who was given 
tricyclic antidepressants (14). 

Clonidine prevents tourniquet pain if added to a 
local anesthetic for spinal anesthesia (15). However, 
in the present study, the incidence of tourniquet pain 
was not different between the two groups, which 
suggests that inhibition of tourniquet pain is mainly 
due to an action at the level of the spinal cord. 

Patients who had received clonidine showed sig- 
nificant sedation between 30 and 90 min after axillary 
injection, indicating the central action of the drug. 
Sedative effects of clonidine have been extensively — 
documented (16) and are associated with the sup- 
pression of central noradrenergic activity (17). 

There were no differences in arterial blood pres- 
sure and heart rate between the two groups. A small 
but significant decrease in heart rate from baseline 
was observed at 60 and 90 min after the axillary 
injection of clonidine. This slight bradycardic effect, 
closely corresponding in time to the occurrence of 
sedation, is the result of adrenergic stimulation of 
central vagal tone (18). 

In conclusion, the admixture of either 150 yg of 
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clonidine or 200 ug of epinephrine to 40 mL of 1% 
lidocaine for brachial plexus block provides compara- 
ble quality and duration of block. Under the present 
study conditions, postoperative analgesia was less 
marked with the clonidine than with the epinephrine 
admixture. In contrast to epinephrine, clonidine does 
not cause local vasoconstriction, which implies a 
reduced margin of safety with regard to local anes- 
thetic toxicity. Although clonidine does not offer 
advantages compared with epinephrine, it may be a 
useful adjunct to local anesthetics in those patients 
for whom the administration of epinephrine is con- 
traindicated. 


The authors thank M. W. Griffith, Geneva University Hospital 
Pharmacy, for preparing and coding the clonidine and epinephrine 
vials, and Dr. O. Wilder-Smith, Department of Anesthesiology, 
and J. Weeks for the revision of the manuscript. 
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Clinical Pharmacokinetics of R(+)- and 5(—)-Mepivacaine 
After High Doses of Racemic Mepivacaine With 
Epinephrine in the Combined Psoas Compartment/Sciatic 


Nerve Block 
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The purpose of this study was to investigate the 
pharmacokinetics of R(+)- and S(--)-mepivacaine in 
10 male patients after injection of a high dose 
(731 mg) of racemic R,S-mepivacaine for a combined 
psoas compartment/sciatic nerve block. Arterial blood 
samples were taken, and the plasma concentrations 
of the stereoisomers R(+)- and S(-)-mepivacaine 
were measured by means of high-performance liquid 
chromatography (HPLC) with a Chiral AGP column. 
The S(~) isomer reached higher plasma concentra- 
tions than the R(+) isomer. The maximal plasma 
concentration (Cmax) of R(+) was 1.54 + 0.34 ug/ml, 
whereas that of the S(—) isomer was 2.34 + 
0.51 ug/mL (P = 0.00050). The time at which Cmax 


was reached (T,,,,,.) was identical for both isomers. 
The area under the plasma concentration-time curve 
from t = 0 to infinity (AUC) of 5(—)-mepivacaine 
was almost double that of R(+)-mepivacaine. The 
elimination half-life (T,,.) was identical for both iso- 
mers (3 h), which means that the calculated total 
body clearance and the calculated steady-state vol- 
ume of the distribution of R(+) are, respectively, 1.7 
and 1.5 times larger than that of the S(—) isomer. We 
conclude that the plasma concentrations of the 5(—)- 
mepivacaine isomer were higher than those of the 
R(+) isomer because of a smaller volume of distribu- 
tion and a slower total body clearance. 

(Anesth Analg 1992;75:75-80) 





epivacaine is a racemic mixture of R(+)- and 
M Semepiacin with the S(-—) the more 
active configuration (1,2). 

Simon et al. (3) reported good results using a 
combined psoas compartment block (4) and sciatic 
nerve block (6) technique with 731 mg of racemic 
[R(+) + S(—), 50:50]-mepivacaine; however, this dose 
is larger than the maximal recommended dose for 
R,S-mepivacaine, which is 500 mg (6). Obviously, 
recommendation of a single maximal dose should be 
based on the site of injection (7). The mean maximal 
plasma concentration of R,S-mepivacaine after a dose 
of 731 mg was 4.22 + 1.28 uwg/mL, which was reached 
at 0.99 + 0.76 h (Tmas) (5). 

The aim of this study was to investigate the pharma- 
cokinetics of R(+)- and S(—)-mepivacaine in 10 patients 


Accepted for publication February 25, 1992. 

Address correspondence to Dr. Vree, Department of Clinical 
Pharmacy, Academic Hospital Nijmegen Sint Radboud, Geert 
Grooteplein Zuid 8, 6525 GA Nijmegen, The Netherlands. 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


after injection of 55 mL of racemic mepivacaine 1.33% 
with epinephrine 1:600,000 for the combined block. 


Methods 


We studied 10 male patients, ASA physical status I or 
Il (body weight 79.6 + 13.4 kg, age 40.1 + 12.5 yr), 
with no history of allergic reaction to local anesthetics 
and no coagulation disorders, who were scheduled 
for orthopedic surgery on one leg. The study was 
approved by the ethical committee of our hospital, 
and written, informed consent was obtained from all 
subjects, 

A combination of the psoas compartment block 
and the sciatic nerve block was used. One hour 
before surgery, 10 mg of diazepam was administered 
orally to all patients. Before the nerve blocks were 
performed, intravenous and arterial (radial) catheters 
were inserted in all patients. Blood samples for de- 
termination of mepivacaine concentrations were col- 
lected from the arterial catheter. Routine monitoring 
for clinical anesthesia was used. 
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To perform the nerve blocks, patients were placed 
in the lateral position, with the operative limb upper- 
most (one of the authors performed all nerve blocks). 
In this position, both the sciatic nerve block (classic 
approach of Labat [5]) and the psoas compartment 
block (as described by Chayen et al. [4]) were per- 
formed. To locate the sciatic nerve and the lumbar 
plexus, a 10-cm, 23-gauge needle and a nerve stimu- 
lator were used. For the sciatic nerve, 25 mL of 
R,S-mepivacaine 1.33% (with epinephrine 1:600,000) 
was injected, and immediately thereafter, the psoas 
compartment was located and that nerve block was 
performed with 30 mL of the same solution. The 
solution for the nerve blocks was prepared by mixing 
20 mL of R,S-mepivacaine 2% (with epinephrine 
1:200,000) with 40 mL of R,S-mepivacaine 1% (with- 
out epinephrine). No sedation was administered. 

The first blood sample was taken before injection 
of the local anesthetic solution. The other blood 
samples were taken at 5, 10, 15, 20, 25, 30, 40, 50, 60, 
75, 90, 105, 120, 150, 180, 210, 240, 270, 300, 330, and 
360 min after the last injection of R,S-mepivacaine. 
The time interval between the start of the R,S- 
mepivacaine injection for the sciatic nerve block and 
the end of the R,S-mepivacaine injection in the psoas 
compartment was recorded and was 5 min at maxi- 
mum. The total dose administered was 731 mg of 
R,S-mepivacaine [365.5 mg of R(+) and 365.5 mg of 
S(—)]. 

The blood samples were stored at 4°C and centri- 
fuged at the end of the sampling procedure. The 
plasma was then frozen at —18°C and stored until 
analysis. 


Analysis 


Reagents and materials. Racemic R,S-mepivacaine 
HC) (50:50) (Scandicaine, Astra Pharmaceutics, Rijs- 
wijk, The Netherlands) was used for the nerve 
blocks. R,S-mepivacaine HCl and S(-—)-ropivacaine 
were obtained from Astra Pharmaceutics. Solvents 
were of HPLC grade (Merck, Darmstadt, Germany). 
A stock solution of 200 mg/L was prepared in 100% 
methanol. Drug plasma standards were prepared by 
spiking human blank control plasma with appropri- 
ate microliter volumes of the working drug solution. 
Five plasma standards were obtained with the follow- 
ing concentrations of R,S-mepivacaine: 0.25, 0.50, 
1.0, 2.0, and 4.0 g/mL. Racemic R,S-mepivacaine is 
stable in solution. 


Sample preparation, CALIBRATION CURVE. Twenty 
microliters of a standard solution of R,S-mepivacaine, 
200 aL of blank plasma, 20 pL of internal standard 
S(—)-ropivacaine (10 or 50 pg/mL in methanol), 
0.5 mL of sodium carbonate solution 0.2 MIL, and 
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1.0 mL of tert-butylether were placed in a 2-mL 
Eppendorf vessel (Eppendorf, Hamburg, Germany), 
vortexed for 1 min, and centrifuged for 10 min at 
30009. From the supernatant, 0.75 mL was trans- 
ferred to a nipple tube and evaporated with a gentle 
stream of nitrogen. To the residue, 0.2 mL of the 
mobile phase was added, and 20 uL was injected 
onto the HPLC system. 


PATIENT SAMPLES. Two hundred microliters of pa- 
tient plasma, 20 uL of internal standard S(—)- 
ropivacaine (10 or 50 yue/mL), 0.5 mL of sodium 
carbonate solution 0.2 M/L, and 1.0 mL of tert- 
butylether were placed in a 2-mL Eppendorf vessel, 
vortexed for 1 min, and centrifuged for 10 min at 
3000¢. 


High performance liquid chromatography. The analysis 
was performed with a 740 solvent delivery system 
(Spectra Physics, Eindhoven, The Netherlands), a BD 
7 recorder (Kipp Analytica, Delft, The Netherlands), 
an N 60 injector (Valco H, Chrompack, Middelburg, 
The Netherlands), a Chiral AGP column (100 cm x 
4 mm inside diameter; Chrompack), and a Pye 
Unicam LC-UV detector (Philips, Eindhoven, The 
Netherlands). Detection was achieved at 215 nm. 
The mobile phase consisted of 1 L of a phosphate 
buffer (0.01 M Na,HPO,:2H,O and 0.01 M KH,PO, 
30:70 vol/vol at pH 6.0) and 60 mL of 2-propanol. The 
flow rate was 0.88 mL/min. The retention times were 
6.8 min for R(+)-mepivacaine, 8.8 min for S(—)- 
mepivacaine, and 15.2 min for S(—)-ropivacaine. 


Validation. The calibration curves were constructed 
by plotting the peak height ratios R(+), S(—)- 
mepivacaine/S{—)-ropivacaine against the known con- 
centrations of racemic R,S-mepivacaine (r > 0.999). 
Standard curves were constructed by least-squares re- 
gression for calculation of unknown concentrations. 

The interday variation is 13.5% for R(+)- 
mepivacaine and 9.73% for 5(~)-mepivacaine (coeffi- 
cient of variation) at the concentration of 1 pg/mL. 
These data are, respectively, 10.7% and 11.5% at 
5 ug/mL (n = 16). The intraday variation is 8.5% for 
R(+)-mepivacaine and 7.73% for S(—)-mepivacaine 
(coefficient of variation) at the concentration of 
1 pg/mL. These data are, respectively, 6.7% and 7.5% 
at 5 ue/mL (n = 10). 

R(+)- and S(—)-mepivacaine were identified ac- 
cording to the ratio in the retention times (capacity 
factors): R(+)-mepivacaine/R(+)-ropivacaine = 5(—)- 
mepivacaine/S(—)-ropivacaine = 0.58. The internal 
standard contained 0.5% R(+)-ropivacaine (8). The 
quantitation limit of R(+)- and S(—)-mepivacaine in 
plasma was 0.40 ug/mL at a signal-to-noise ratio of 3. 
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Figure 1. Chromatograms of R(+)- and S(—)-mepivacaine and the 
internal standard S{—}-ropivacaine in blank plasma spiked with 
reference compounds (upper panel), patient plasma at 10 and 40 min 
(middle panel), and blank plasma (lower panel). 
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Calculations. The plasma pharmacokinetic parame- 
ters of R(+)- and 5(—)-mepivacaine were calculated 
as follows: C,,,,, maximal concentration (ug/mL); 
Tmax, time of maximal concentration (min); AUCo, 
area under the plasma concentration-time curve from 
t = 0 to infinity (mg-L~*-h); AUMC, area under the 
plasma moment curve (mg-L~‘-h?); CL, total body 
clearance (mL/min), dose/AUC; V s steady-state dis- 
tribution volume (L), dose- AUMC-AUC™., Student’s 
t-test was performed according to standard proce- 
dures (9). 


Results 


In all patients, adequate surgical conditions provided 
by good sensory and motor block were obtained 
within 10 min, and no additional analgesics were 
needed. No clinical signs of toxic reactions to the local 
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Figure 2. Mean plasma concentration-time curves of R(+)- and - 
S(—)-mepivacaine in 10 patients after administration of 731 mg of 
R,S-mepivacaine in the psoas compartment. T,,., elimination half- 
life. 


anesthetic were seen. Figure 1 shows the chromato- 
grams of R(+)- and S(—)-mepivacaine in patient 
plasma samples. The stereoisomers are well sepa- 
rated from each other and from the internal standard 
S(—)-ropivacaine. 

The mean R(+)- and S(—)}mepivacaine plasma 
concentrations of the 10 patients are shown in Figure 
2 and Table 1. The individual pharmacokinetic varia- 
bles of R(+)- and S(—}mepivacaine are shown in 
Table 2 and the mean values of these variables and 
statistically significant differences in Table 3. Table 3 
shows that the 5(—) isomer of mepivacaine reaches 
higher Cmax plasma concentrations than the R(+) 
isomer (P = 0.00050). The time at which these C,,,, 
values were reached was similar. The half-life of 
elimination of both isomers was similar (P = 0.079). 
As a result of these two variables, the AUC of the 
S(—) isomer is almost twice that of the R(+) isomer 
(P = 0.00168). The lower plasma concentrations of the 
R(+) isomer resulted in higher calculated values for 
the total body clearance (P = 0.00050) and steady- 
state volume of distribution (P = 0.00063) for the R(+) 
isomer compared with the 5(—) isomer. 


Discussion 


Much discussion in the literature can be found with 
regard to toxic effects of local anesthetic drugs during 
various nerve blocks (5,7,10-15). Large variations in 
plasma concentrations of mepivacaine have been 
seen, depending on the site of injection, dosage, age, 
and physical status. Doses up to 500 mg and blood 
levels as high as 5-10 g/mL have been noted without 
toxic side effects (5,15). This large dose was required 
with this injection technique to obtain a successful 
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Table 1. Mean Plasma Concentrations (ug/mL + sp) of 
R(+)- and S(—)-Mepivacaine in 10 Patients 
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half-life was also observed after caudal, epidural, and 
peripheral nerve blocks (15). The relatively slow 
absorption, followed by distribution and protein 
binding, limits the toxic action of the protein-free 
fraction (10-15). Furthermore, the two injections 
(731 mg) were separated by several minutes, and 
therefore the danger of acute toxicity was further 


The relation between plasma concentration and 
toxic or pharmacodynamic effects may be valid when 
the active drug is considered or the combination of 
active drug and active metabolites. When a racemic 
mixture is administered, plasma concentrations of the 
stereoisomers or enantiomers should be measured 
separately, and the pharmacodynamic effects of each 
isomer or enantiomer must be investigated. 

stereoisomers should be considered different com- 
pounds with different effects. For instance, the S(—) 
isomer of mepivacaine reaches higher plasma concen- 
trations than the R(+) isomer, and with similar half- 
lives of elimination of both isomers, the steady-state 


Time (h) R(+) S(-) P value 
0 0 0 
0.083 0.58 + 0.30 0.76 + 0.47 0.173 
0.167 0.91 + 0.46 1.34 + 0.70 0.050 
0.250 1.00 + 0.42 1.60 + 0.68 0.009 
0.417 1.23 + 0.52 1.82 + 0.75 0.023 
0.500 1.32 + 0.41 1.98 + 0.64 0.007 
0.667 1.38 + 0.43 2.13 + 0.54 <0.0005 
0.833 1.46 + 0.41 2.20 + 0.46 <0.0005 
1.00 1.17 + 0.32 1.90 + 0.48 <0.0005 
1.25 1.16 + 0.29 1.86 + 0.47 <0.0005 
1.50 1.12 + 0.27 1.85 + 0.40 <0.0005 
1.75 1.10 + 0.23 1.85 + 0.39 <0.0005 
2.00 1.01 + 0.24 1.82 + 0.35 <0.0005 
2.50 0.85 + 0.20 1.65 + 0.45 <0Q.0005 
3.00 0.86 + 0.16 1.51 + 0.46 0.002 
3.50 0.83 + 0.25 1.37 + 0.48 0.006 
4.00 0.68 + 0.24 1.24 + 0.49 0.010 
4.50 0.60 + 0.13 1.10 + 0.41 0.009 
5.00 0.52 + 0.08 0.97 + 0.36 0.015 
5.50 0.43 + 0.09 0.89 + 0.38 0.009 
6.00 0.36 + 0.10 0.70 + 0.30 0.070 


regional block. The psoas/sciatic administration of 
mepivacaine resulted in sustained absorption with an 
apparent half-life of elimination of 3 h (3) instead of 
1.5 h after intravenous injection (16). This elimination 


volume of distribution of the S(—) isomer is much 
smaller than that of the R(+) isomer (P = 0.00063). A 
similar finding was reported for sheep (17). The 
similar half-life values of $(—)- and R(+)-mepivacaine 
indicate that the rate constants of metabolic elimina- 
tion are similar for both isomers (18,19). The differ- 
ence in body clearance may be due to differences in 
metabolic or renal clearance. Therefore, the total 


Table 2. Pharmacokinetic Variables of R(+)- and S(—)}Mepivacaine in 10 Patients 


R(+)-Mepivacaine (365.5 mg) 
Patient No. 1 2 3 4 5 6 7 8 9 10 
Body weight (kg) 70 70 97 61 76 80 ° 8 68 94 100 
Cmax (g/mL) 1.7 2.0 1.5 1.3 1.4 1.2 0.95 2.0 1.7 1.6 
Tmax (min) 50 40 40 40 40 50 40 30 25 40 
AUC (mg-L7?-h) 7.52 6.33 4.66 7.43 6.56 6.67 5,30 6.90 6.45 7.85 
AUMC (mg-L~?-h?) 34.3 20.1 14.5 38.5 28.8 37.3 28.8 22.2 24.5 35.5 
Tiz h) 2.8 1.8 1.9 3.6 2.8 4.1 3.7 2.3 2.4 3.0 
MRT (h) 4.6 3.2 3.1 5.2 4.4 5.6 5.4 3.2 3.8 4.5 
V,, (L) 222 184 244 255 245 306 376 171 216 211 
CL (mL/min) 811 964 1308 820 930 914 1152 885 946 777 
S{—}-Mepivacaine (365.5 mg) 

Patient No. 1 2 3 4 5 6 7 8 9 10 
Body weight (kg) 70 70 97 61 76 80 80 68 94 100 
Cmax (G/ML) 3.0 2.2 1.9 2.6 2.1 2.0 1.6 3.2 2.6 2.2 
Trax (min) 50 50 40 50 50 50 50 20 25 50 
AUC (mg:L7?-h) 12.8 7.50 6.73 21.7 11.1 11.8 9.25 12.0 15.6 18.5 
AUCM (mg-L7?-h*) 58.6 25.8 22.5 188.8 58.5 69.2 43.5 42.3 85.8 134.7 
Typ h) 3.0 2.3 2.0 6.2 3.4 4.3 3.6 2.4 3.7 4.5 
MRT (h) 4.6 3.4 3.4 8.7 5.3 5.8 4.7 3.5 5.5 7.3 
V» (L) 130 168 182 147 173 181 186 107 130 144 
CL (mL/min) 475 813 907 281 547 516 660 507 392 330 


Cmax maximal concentration; Tne time of maximal concentration; AUCs, area under the plasma concentration-time curve from t = 0 to infinity; AUMC, 
area under the plasma moment curve; Typ half-life; MRT, mean residence time (AUMC/AUC); CL, total body clearance (dose/AUC); V,,, steady-state 
distribution volume (dose-AUMC:-AUC™%), 
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Table 3. Mean Values (+sp) of Some Pharmacokinetic 
Variables of R{+)- and S(—)-Mepivacaine in 10 Patients 


R(+) S) ` P 

(365.5 mg) (365.5 mg) Value 
Cmax (g/mL) 1.54 + 0.34 2.34 + 0.51 0.00050 
Tmax (min) 39.5 + 7.62 43.5 + 11.5 0.18740 
AUC» (mg-L7?+h) 6.57+0.99 12.71 +4.72 0.00168 
AUMC (mg-L7)-h?) 28.4 + 8.04 73.0 + 52.1 0.01231 
Tiz (h) 2.84 + 0.79 3.54 + 1.24 0.07935 
MRT (h) 4.30 + 0.94 5.22+1.74 0.08461 
V s (L) 242.8 + 60.3 154.8 + 27.2 0.00063 
CL (mL/min) 950.6 + 163.7 542.8 + 200.7 0.00050 
Body weight (kg) 79.6 + 13.4 79.6 + 13.4 1.00000 


Cray Maximal concentration; T,,,,, time of maximal concentration; 
AUCo, area under the plasma concentration-time curve from t = 0 to 
infinity; AUMC, area under the plasma moment curve; Tya half-life; MRT, 
mean residence time (AUMC/AUC); CL, total body clearance (dose/AUC); 
Vee, Steady-state distribution volume (dose-AUMC:AUC™). 


mass balance of each isomer must be determined in 
order to clarify the nature of the differences in steady- 
state distribution volume and total clearance of both 
isomers. The time-course of the surgery and recovery 
room enabled sampling of two half-life times. For 
calculation of the exact pharmacokinetic variables, 
this sampling time is short; therefore the values 
presented in Table 2 may be regarded as close ap- 
proximations. At the end of the sampling time, the 
limit of detection of the HPLC analysis was nearly 
reached, so a longer sampling time will not give 
better values of the pharmacokinetic variables. 
9(-~)-prilocaine (20), S(—)-mepivacaine (2), and 
R(—)-bupivacaine (2) all act longer than their isomers, 
despite equal in vitro potency (21). R(—)-bupivacaine 
has a longer analgesic effect than its S(+) isomer after 
intradermal injection of both isomers of bupivacaine 
(21). These effects can be explained by the observed 
differences in steady-state distribution volume and 
the higher plasma concentrations of the active iso- 
mer. The S(+) isomer of bupivacaine shows higher 
plasma concentrations than the R(—) isomer, whereas 
both plasma concentration-time curves run parallel 
after intrapleural administration of the racemate (22). 
Both isomers of bupivacaine had concentration- 
dependent vasodilator and vasoconstrictor effects. 
similar behavior might be expected for mepivacaine 
isomers. A dual effect on smooth muscle has often been 
observed. Low concentrations of R(+)}mepivacaine 
increased tension in the rat portal vein, whereas 
5(—)-mepivacaine had a relaxing effect. Higher concen- 
trations of both isomers relax the porial vein but with 
S(—}mepivacaine as the most active isomer (23). Local 
anesthetics may relax contracted blood vessels in the 
dog but contract relaxed smooth muscles (24). S(—)- 
mepivacaine increased the tension of the smooth mus- 
cles more than the R(+) isomer at higher concentra- 
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tions. In contrast, at low concentrations, the R(+) 
isomer produced more relaxation of smooth muscles 
(25). Ideally, pharmacodynamic effects of the local an- 
esthetic drugs must be investigated with the optical 
isomers, as was done for S(—)-ropivacaine by Katz et al. 
(26) and Rutten et al. (27). S(—)-ropivacaine is the 
correct form of local anesthetic drug. 

In conclusion, in humans the S(—) isomer of me- 
pivacaine reached higher plasma concentrations than 
the R(+) isomer, which must be the result of a smaller 
volume of distribution and a slower total body clear- 
ance. 
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Deafferentation pain has been related to abnormal 
electrical hyperactivity in the neurons of the sensory 
relays in the central nervous system. This electrical 
activity resembles the epileptoid pattern observed in 
experimental epileptoid foci. With the aim of prevent- 
ing this hyperactivity, rats were given long-term 
treatment with phenobarbital after sciatic transection 
and dorsal cervical rhizotomy. Daily intramuscular 
injections of saline solution or 5 and 10 mg/kg of 
phenobarbital were administered for 20 days, starting 
10 days before surgery. Larger doses of phenobarbital 
delayed the onset and reduced the severity of autot- 


omy. In a testof acute pain, the effect of intraperitoneal 
(1-16 mg) and intrathecal (100-500 yg) phenobarbital 
was studied by measuring the “tail-flick’’ response 
latency. Intraperitoneal phenobarbital did not modify 
acute pain, but 500 ug of intrathecal phenobarbital 
increased the threshold of pain. These results indicate 
that (a) phenobarbital, a drug with anticonvulsant ac- 
tivity, reduces deafferentation behavior in rats, and 
(b) intrathecal phenobarbital has an antinociceptive 
action in acute experimental pain. 

(Anesth Analg 1992;75:81~-6) 





istics of deafferentation pain experienced after 

injury and painful sensations felt by the patient 
before deafferentation (1,2). This fact has been ex- 
plained by hypothesizing that chronic pain produces 
changes in the central nervous system (3); however, 
little is known about the pathophysiologic basis of 
this phenomenon. Sensory neurons are normally 
under the inhibitory action of the sensory and de- 
scending pathways. After deafferentation procedures 
in animals, such as dorsal rhizotomy or section of 
peripheral nerves, the surgery is followed by the 
development of spontaneous hyperactivity of spinal 
cord dorsal horn neurons (4-7) and other somatosen- 
sory nuclei. Similar electrical hyperactivity in patients 
suffering chronic benign pain in neurons located in 
the spinal cord was recorded perioperatively by 
Loeser et al. (8) and, more recently, by Hirayama et 
al. (9) and Rinaldi et al. (10) in the thalamus of 
patients with deafferentation pain. Such hyperactiv- 
ity may be one of the mechanisms involved in the 
cause of deafferentation pain. 


l | There is a relation between the clinical character- 
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A few clinical studies report methods for prevent- 
ing the development of deafferentation pain. Re- 
cently, Bach et al. (11) showed that preoperative 
lumbar epidural blockade with bupivacaine and mor- 
phine reduces the incidence of phantom limb pain 
after amputation. In an experimental study in the 
model of sciatic section in rats, we showed that 
autotomy behavior is reduced when the nerve is 
blocked with bupivacaine before section (12) and a 
local surgical procedure, such as a centrocentral anas- 
tomosis, is performed on the central stump (13). 

We designed an experiment aimed at studying the 
effect of phenobarbital on the prevention of the 
autotomy behavior that follows deafferentation pro- 
cedures in rats. Autotomy is now considered to be a 
response ta pain or dysesthesia, and its intensity 
related to the degree of those abnormal sensations. 
Blumenkopf and Lipman (14) showed that autotomy 
is not related to limb anesthesia. Autotomy has also 
been modified through the use of many surgical and 
pharmacologic treatments (12,13,15). Phenobarbital is 
a drug with anticonvulsant activity that can be ad- 
ministered by any route, including intrathecally (16). 
The rationale for this therapeutic approach is that 
phenobarbital might reduce the spontaneous activity 
of deafferented hyperactive neurons and, subse- 
quently, the autotomy behavior. We also tested the 
effect of phenobarbital in a nociceptive test of acute 
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pain to determine whether phenobarbital had any 
direct antinociceptive effect. 


Methods 
Animals and Anesthesia 


Adult male Wistar rats, weighing 200-225 g, were 
used in the studies. For surgical procedures, the 
animals were intraperitoneally anesthetized with a 
mixture of ketamine (60 mg/kg) and diazepam 
(6 mg/kg). The study was conducted in accordance 
with the guidelines of the Ethics Committee of the 
International Association for the Study of Pain and 
was approved by the Research Laboratory of the 
Faculty of Medicine of Cadiz. 


Deafferentation Models of Pain 


Animals were randomly assigned to one of two exper- 
imental models of deafferentation pain. In the first 
group, the left sciatic nerve was sectioned cleanly at the 
midthigh level. Approximately 5 mm of the proximal 
stump of the nerve was removed to prevent its spon- 
taneous regeneration into the distal nerve stump. Ina 
second group of animals, a cervical posterior rhizotomy 
was performed by sectioning the C-4 to T-1 dorsal 
roots. The roots were sectioned on the left side with 
microsurgical techniques. Animals were given long- 
term treatment with intramuscular phenobarbital. Rats 
received daily injections of 5 or 10 mg/kg of phe- 
nobarbital for 20 days, starting 10 days before deaf- 
ferentation. Control animals received saline solution. 
In the sciatic section group, 12 and 15 rats were 
treated with phenobarbital (5 and 10 mg-kg™?-day~’, 
respectively), and 7 control rats received saline solu- 
tion. In the cervical dorsal rhizotomy group, 13 and 
16 rats were treated with phenobarbital (5 and 
10 mg-kg™?-day~*, respectively), and 8 control rats 
received saline solution. After surgery, the wounds 
were closed in layers. No other drugs were adminis- 
tered, and the animals were observed for 4 wk. Each rat 
was lodged individually in a cage under standard 
colony conditions. Animals were checked daily to score 
the autotomy behavior. The following autotomy scale 
was used: 1 point for the chewing off of one or more 
nails and an additional point for the removal of each 
half-toe or metatarsus/carpus and tarsus/carpus (maxi- 
mum 13 points in upper limb and 7 points in lower 
limb, due to cutaneous innervation of sciatic nerve). 


Acute Antinociceptive Test: “Tail-Flick” Response 


A different group of rats underwent long-term im- 
plantation of a lumbar intrathecal catheter with an 
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original technique (17). For this purpose, a small 
microsurgical lumbar laminectomy was performed 
and the dura mater opened with the tip of a needle. 
Through this slit, a polyvinyl catheter (0.64 outside 
diameter; 0.28 inside diameter) was carefully intro- 
duced and advanced caudally 1.5 cm. The catheter 
was firmly secured to paraspinal muscles, tunneled 
subcutaneously, and pulled out atop the calvarium. 
The catheter tip was sealed by heat. These animals 
were studied 4 days later in an short-term algesiom- 
eter test. For this test, the tail of the animal was 
placed under a focused radiant infrared source (Hugo 
Basile, Milan, Italy) (100-W bulb) to measure the 
“tail-flick” latency. A humane cutoff time of 10 s was 
preset to avoid burning. In control animals, 50 uL of 
saline solution was injected intrathecally through the 
catheter; in experimental animals, the same volume 
containing 100, 200, or 500 ug of phenobarbital was 
delivered. The test was done before injection and 10, 
20, and 30 min later. Three measurements were 
performed at each time on three different points on 
the tail, and the mean value was considered the 
latency. The same algesiometer test was also per- 
formed in nonimplanted rats receiving saline solution 
or phenobarbital intraperitoneally. In these experi- 
ments, the injected volume was 1 mL, containing 1, 
2, 4, 8, or 16 mg of phenobarbital. 

The following groups were formed in which tail- 
flick latency was studied: intraperitoneal saline solu- 
tion (6 rats) and 1-16 mg of phenobarbital (5-10 rats 
each group); intrathecal saline (6 rats) and 100, 200, 
and 500 ug of phenobarbital (5-8 rats each group). 

At the end of each experiment, the animals were 
killed and the spinal column was removed in each 
case. Specimens from the surgical levels were proc- 
essed for routine pathological study. 


Statistical Analysis 


Statistical analysis was done using the x test and a 
nonparametric test for comparison of means of paired 
(Wilcoxon test) and nonpaired (Mann-Whitney test) 
data. Statistical differences of P = 0.05 were consid- 
ered to be significant. Results are expressed as mean 
values + sem. Latency times in the tail-flick test are 
expressed in the figures as a percentage of the base- 
line values obtained before phenobarbital injections. 


Results 


Autotomy Behavior 


Table 1 shows the day of onset of autotomy and the 
percentage of animals developing autotomy after 
sciatic section. Although there is a delay in the mean 
day of onset of autotomy in both groups of animals 
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Table 1. Day of Onset of Autotomy and Percentage of Animals Developing Autotomy (21) and Severe Autonomy (25) 
ADIE 1e HAY a RR 


Day of 
Group onset Wk 1 Wk 2 
Sciatic section 
Saline solution (n = 7) 3.3 + 1.1 86 100 
PB-5 (n = 12) 6.7 + 1.4 75 100 
PB-10 (n = 15) 7.2235 60 60 
Dorsal rhizotomy 
Saline solution (n = 8) 2.8 + 0.9 87 87 
PB-5 (n = 13) 4.7 + 1.1 85 85 
PB-10 (n = 16) ME 225° 44 50 


Autotomy 21 





Severe autotomy =5 





Wk 3 Wk 4 Wk 1 Wk 2 Wk 3 Wk 4 
100 100 0 15 15 15 
100 100 0 0 25 25 

60 73 Q 0 13 26 
87 87 Q 0 12 37 
85 85 15 15 23 23 
75 75 0 0 0 0 


PB-5, phenobarbital (5 mg-kg~'-day~*); PB-10, phenobarbital (10 mg-kg”'-day”'); wk, week. 


Onset of autotomy expressed in days + SEM. 
ap < 0.05, Mann-Whitney test versus saline solution. 
ep < 0.01, Mann-Whitney test versus saline solution. 


mean autotomy score 
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Figure 1. Postoperative course of autotomy after (A) sciatic section 
and (B) cervical dorsal rhizotomy. Bars indicate the mean value + 
seM. *P < 0.05; *P < 0.01; Mann-Whitney test versus control 
group. CI, Saline; , 5 mg-kg™!-day~! phenobarbital; WE, 10 
mg:kg~'-day~* phenobarbital. 


treated with phenobarbital, differences are statisti- 
cally significant only between animals treated with 
phenobarbital (10 mg-kg™*-day~’) and control ani- 
mals (P < 0.05; Mann-Whitney test). At the end of the 
observation period, almost all animals had begun 
autotomy of the denervated limb; the differences 
among groups were not significant. The average 
autotomy score increased smoothly in groups treated 
with saline solution and low doses of phenobarbital 
(Figure 1A). The differences between these two 
groups are not significant. However, animals treated 
with 10 mg-kg~'-day~' of phenobarbital showed low 


autotomy scores during the first and second weeks, 
and there are statistically significant differences com- 
pared with control animals treated with saline solu- 
tion (P < 0.05; Mann-Whitney test). In this group, 
autotomy increases within days after halting treat- 
ment with phenobarbital. 

The day of onset of autotomy and the percentage 
of animals developing autotomy after dorsal rhizot- 
omy are also shown in Table 1. Both groups treated 
with phenobarbital showed a delay in the average 
day of onset of autotomy compared with control 
animals, but only the difference between the control 
group and the group treated with 10 mg-kg™*-day' 
of phenobarbital is statistically significant (P < 0.01; 
Mann-Whitney test). As happens after sciatic section, 
at the end of the observation period almost all ani- 
mals had begun autotomy of the denervated limb, 
and the differences among the groups were not 
significant. However, in the animals treated with 
larger doses of phenobarbital, there were no animals 
with severe autotomy (autotomy =5 points). The 
average autotomy score increased in the same way in 
groups treated with saline solution and low doses of 
phenobarbital (Figure 1B), and the differences be- 
tween these two groups are not significant. However, 
animals treated with 10 mg-kg™'-day~' of phenobar- 
bital displayed very low autotomy scores during the 
observation period. In this group, the mean autot- 
omy score did not reach 1 point at any time. The 
differences between this group and the saline solu- 
tion-treated group are statistically significant from the 
second week onward. 


Pain Threshold in the Tail-Flick Test 


The aim of this test was to determine whether phe- 
nobarbital has an analgesic effect on acute pain. 
Results of the tail-flick test for each experimental 
group are shown in Table 2. There were no significant 
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Table 2. Tail-Flick Latency After Intraperitoneal and 


Intrathecal Phenobarbital Injection 
Latency after phenobarbital 
injection 
Group Preinjection 10Min 20Min 30 Min 
Intraperitoneal 
Saline solution 2.2+0.2 20203 1940.2 2.1+0.2 
(n = 6) 
1 mg (n = 10) 241201 212401 18201 192401 
2 mg (n = 5) 20+03 232403 1940.1 1.8 + 0.1 
4 mg (n = 5) 2440.4 2.7403 1940.2 2.0+0.0 
8 mg (n = 5) 2.2 +01 29404 2340.2 2320.3 
16 mg (n = 6) 2220.2 22202. 20201  L7 201 
Intrathecal 
Saline (n = 6) 3140.2 312£03 33203 3.02+0,2 
100 pe (n=6) 282403 3.7205 332406 3.2+04 
200 ug (n=5) 3.5403 50406 4740.7 41+ 0.6 
500 pe (n = 8) 3.4402 5940.5" 4440.4" 4.2 + 0.4" 
Results are as means + SEM. 
“P < 0.05, on test versus preinjection value. 
% preinjection latency 
200% 
* 
178% 
* 
150% * 
125% aa OO ae 
100% 
75% 
10’ 20’ 80’ 


time after injection 


Figure 2. Latency in the tail-flick test after intrathecal administra- 
tion of 100, 200, and 500 ug of phenobarbital. Latency is expressed 
as percentage change in relation to pretreatment values. There is a 
dose-related increase in the latency, with a significant difference 
after injection of 500 ug of phenobarbital. *P < 0.05; Wilcoxon test 
versus pretreatment values. --e—, saline; —+—, 100 ug phenobar- 
bital; —*— , 200 ug phenobarbital; —_}—, 500 ug phenobarbital. 


changes in tail-flick latency after intraperitoneal ad- 
ministration of 1-16 mg of phenobarbital. The 16-mg 
dose produced somnolence a few minutes after the 
injection, but no other secondary effects were seen. 
Doses of 100 and 200 yg of intrathecal phenobarbital 
produced no significant changes in tail-flick latency, 
but after 500 ug, a significant increase was observed 
10, 20, and 30 min after injection (P < 0.05, Wilcoxon 
test). Figure 2 shows the results of the tail-flick test 
after intrathecal administration of phenobarbital as a 
percentage of preinjection tests. There were no sig- 
nificant clinical findings after intrathecal injection. 
One rat developed a paresis of the lower limbs after 
an intrathecal injection of 100 ug of phenobarbital 
and was dropped from the study. 
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Pathological Findings 


Specimens from all groups showed the same patho- 
logical changes in relation to the surgical procedures. 
There were no differences among neuromas or in the 
spinal cord at the level of the rhizotomy. Intrathecal 
catheters were surrounded by reactive tissue. No 
major lesions were observed in roots or spinal cord as 
a result of catheter placement. 


Discussion . 

An understanding of the pathophysiology of deaffer- 
entation pain is an important objective if the success- 
ful treatment of this type of chronic pain is to be 
achieved clinically. Basic researchers have shown that 
deafferentation is followed by spontaneous firing in 
sensory pathway cells, namely, in dorsal root gan- 
glion cells, dorsal horn, and nucleus cuneatus neu- 
rons, and also at the thalamic and cortical levels (4-7). 
The location of bursting neurons in the dorsal horn 
was anatomically placed by Albe-Fessard and 
Rampin (4) in layers IV and V; others found hyper- 
active cells in all of the layers of the dorsal horn (5). 
However, it is difficult to assign functional correla- 
tions, owing to the lack of peripheral receptive fields 
in deafferented animals. Clinical investigations (8-10) 
in patients with deafferentation pain showed similar 
hyperactivity in neurons in the dorsal horn of the 
spinal cord and in neurons in specific and intralami- 
nar thalamic nuclei. These neurons show a sponta- 
neous hyperactivity that resembles the electrical ac- 
tivity recorded in experimental alumina-induced 
epileptic foci (4,8,18). Moreover, the injection of 
alumina into the spinal cord subarachnoid space of 
the cat induces a painful dysesthesia with neuronal 
hyperactivity (18). 

Anticonvulsant drugs have been used in the treat- 
ment of some types of pain, including trigeminal 
neuralgia and other types of neuralgic pain (19). 
Recently, some researchers pointed out that benzo- 
diazepines, another type of drug with anticonvulsant 
activity, delivered by different routes, including in- 
trathecal injection, have an analgesic effect on acute 
pain (16,20,21). Electrophysiologic studies suggest 
that benzodiazepines have a prevailing anticonvul- 
sant activity that depresses the spontaneous hyper- 
activity of deafferented dorsal horn neurons, rather 
than a direct antinociceptive action that reduces or 
blocks C- or Aé-evoked responses (22). 

Given this background, it seems reasonable to 
attempt to prevent or reduce deafferentation pain by 
the use of anticonvulsant drugs. In our study we 
used long-term treatment with phenobarbital in an 
attempt to prevent autotomy behavior in the sciatic 
section and dorsal rhizotomy models of pain. The 
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pathophysiologic bases of these models are different. 
In the sciatic section model, at least two sources of 
nociceptive discharges have been implicated: sponta- 
neous discharges from neuroma and dorsal root 
ganglia in the peripheral nervous system and hyper- 
active deafferented neurons in the sensory relays of 
the central nervous system (6,7). Dorsal cervical rhi- 
zotomy is followed by spontaneous hyperactivity in 
the central nervous system and has no peripheral 
component (4,5). Long-term phenobarbital treatment 
(10 mg-kg™'-day~') reduces the autotomy score and 
also delays the day of onset of autotomy in both 
experimental models when compared with control 
groups. If autotomy is related to those proposed 
mechanisms, then the effect on autotomy behavior 
might be explained by the antiepileptic action of 
phenobarbital reducing the hyperexcitability of the 
cell membrane. Three mechanisms of action have 
been postulated for phenobarbital: at high concentra- 
tions, phenobarbital activates the y-aminobutyric ac- 
id-related choride channels and reduces the sodium 
and calcium influx, but at therapeutic concentrations, 
phenobarbital enhances the postsynaptic response to 
y-aminobutyric acid and blocks the excitatory re- 
sponse to glutamic acid (23,24). In our experience, 
changes in autotomous behavior are obtained with 
high doses of phenobarbital; however, reduction of 
autotomy could not be attributed to a sedative or 
hypnotic effect of phenobarbital. Treated rats were 
alert and showed a normal social behavior as did 
control rats receiving saline solution. 

Results are better in deafferentation by dorsal root 
section than by sciatic section. The rhizotomy deaf- 
ferentation syndrome should be more susceptible to 
phenobarbital, given the fact that it is entirely due to 
central hyperexcitability, whereas deafferentation af- 
ter sciatic section adds peripheral mechanisms that 
are eventually less susceptible to the action of phe- 
nobarbital. 

There have been few attempts to modify autotomy 
by means of an anticonvulsant drug. In 1977, 
Duckrow and Taub (25) demonstrated that intraperi- 
toneal diphenylhydantoin reduced the incidence of 
self-mutilation when it was given at doses of 
>10 mg-kg™'-day~'. Albe-Fessard and Lombard (26) 
tested carbamazepine, clonazepam, and valproic acid 
in light doses, with inconclusive results. Our results 
also show a clear action of the long-term treatment 
with phenobarbital on autotomy. These findings sug- 
gest the possibility of reducing autotomy behavior in 
rats with the use of anticonvulsant drugs. However, 
when treatment is discontinued 10 days after sciatic 
section, autotomy increases, although there are no 
changes in animals that have had a rhizotomy. 

Our results also indicate that the effect of phe- 
nobarbital on autotomy behavior is probably related 
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more to its anticonvulsant properties than to any 
direct analgesic action of the drug. In our experience, 
only high doses of intrathecal phenobarbital increase 
the pain threshold in tests of acute pain. Anticonvul- 
sant doses of phenobarbital are less than sedative or 
hypnotic doses, although the margin of safety is 
narrow (16,23). Potentially analgesic intraperitoneal 
doses were not reached in our short-term experi- 
ments, because 16 mg caused drowsiness and som- 
nolence in the rat. However, 500 ug of intrathecal 
phenobarbital had a clear but weak analgesic action 
without secondary effects. 

In conclusion, autotomous behavior after periph- 
eral deafferentation in rats is delayed and reduced 
after long-term treatment with 10 mg-kg~'-day~’ of 
phenobarbital. From a clinical point of view, the 
administration of phenobarbital before deafferenta- 
tion is only possible when this event is scheduled, 
such as amputations or ablative surgical procedures 
for the treatment of pain. The results of this study 
suggest that this analgesic action is related to the 
anticonvulsant activity of phenobarbital. Moreover, 
intrathecal phenobarbital has an analgesic action. 


The authors thank the Department of Pharmacology of the Faculty 
of Medicine, University of Cadiz, for technical and scientific 
assistance. We are also grateful to Emilio de la Orden for his 
laboratory work. 
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We investigated the effect of flumazenil on intrave- 
nous (IV) lidocaine-induced convulsions with and 
without diazepam pretreatment in rats. Wistar rats 
(200-250 g) were divided into four groups of seven 
each and were pretreated with IV diazepam or nor- 
mal saline solution at 6 min and flumazenil or normal 
saline solution at 3 min before lidocaine infusion. The 
control group received normal saline solution; the 
diazepam group received 0.2 mg/kg of diazepam and 
normal saline solution; the diazepam + flumazenil 
group received 0.2 mg/kg of diazepam and 0.1 mg/kg 
of flumazenil; and the flumazenil group received 
normal saline solution and 0.1 mg/kg of flumazenil. 
After surgical preparation and recovery from anes- 
thesia, all groups received a continuous IV infusion of 
lidocaine (15 mg/mL) at a rate of 4 mg-kg™'-min™! 
until tonic/clonic convulsions occurred. The values of 


pH and blood gases were maintained within physio- 
logic ranges. Heart rate was significantly decreased 
after 5 min of lidocaine infusion, but arterial blood 
pressure did not change until convulsions occurred in 
all groups. Pretreatment with diazepam alone in- 
creased both cumulative convulsant doses and 
plasma concentrations of lidocaine at the onset of 
convulsions. Flumazenil reversed these effects of 
diazepam. Pretreatment with flumazenil alone 
changed neither cumulative convulsant doses nor 
plasma concentrations of lidocaine at the onset of 
convulsions. Our data show that IV flumazenil re- 
verses the anticonvulsant property of IV diazepam 
against lidocaine-induced convulsions and that flu- 
mazenil itself has no effect on lidocaine-induced 
convulsions in rats. 

(Anesth Analg 1992;75:87--90) 





enzodiazepines are used widely as sedatives 

for premedication and for the induction and 

maintenance of anesthesia; however, sedative- 
hypnotic effects of benzodiazepines frequently per- 
sist postoperatively. Flumazenil, the first specific 
benzodiazepine receptor antagonist, is marketed in 
some countries and has received clinical attention as 
an effective antagonist of benzodiazepine-induced 
sedation (1,2). The different pharmacologic effects of 
benzodiazepines are reversed by different doses of 
flumazenil (3). It is unclear whether flumazenil an- 
tagonizes the anticonvulsant property of benzodiaz- 
epines. Furthermore, the effect of flumazenil on 
lidocaine-induced convulsions has not been reported. 
We used an awake-rat model of lidocaine-induced 
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convulsions to determine whether flumazenil antag- 
onizes the anticonvulsant effect of diazepam and 
whether flumazenil itself affects lidocaine-induced 
convulsions. 


Methods 


This study was approved by the institutional animal 
care committee. Animals fasted overnight (water was 
supplied ad libitum), and the experiments were per- 
formed between 1 and 5 pM. 

Twenty-eight male Wistar rats weighing 200-250 g 
were anesthetized with halothane in oxygen during 
surgical preparation. One of the femoral arteries was 
cannulated with a polyethylene catheter for monitor- 
ing arterial blood pressure and heart rate and for 
blood sampling, and the femoral vein was also can- 
nulated for infusion of drugs. The proximal ends of 
these catheters were tunneled subcutaneously to the 
posterior cervical region so the animals could move 
freely. Before emergence from anesthesia, the ani- 
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Table 1. Hemodynamic Changes in the Four Study Groups 


Study group 
(n = 7) —1 Min 
HR (beats/min) C 426 + 10 
D 419 + 6 
D+F 419 + 5 
F 412 + 14 
MAP (mm Hg) C 102 + 1 
D 107 + 2 
D+F 107 + 3 
F 102 + 2 


fi s 
“P < 0.01 vs control. 
bp < 0.01 vs 0 min. 
eP < 0.01 vs 1 min. 
aD < 0.01 vs 5 min. 
Results are mean values + SEM. 


mais were placed in a plastic container to recover for 
2 h before the experiment. 

The animals were divided into four groups of 
seven each to receive either pretreatment with intra- 
venous (IV) diazepam or normal saline solution at 
6 min and IV flumazenil or normal saline solution at 
3 min before lidocaine infusion. The control group 
(group C) received normal saline solution (1 mL/kg); 
the diazepam group (group D) received 0.2 mg/kg of 
diazepam in normal saline solution (1 mL/kg) and 
normal saline solution; the diazepam + flumazenil 
group (group D + F) received 0.2 mg/kg of diazepam 
in normal saline solution (1 mL/kg) and 0.1 mg/kg of 
flumazenil in normal saline solution (1 mL/kg); and 
the flumazenil group (group F) received normal sa- 
line solution and 0.1 mg/kg of flumazenil in normal 
saline solution (1 mL/kg). After pretreatment, all 
groups received a continuous IV infusion of lidocaine 
(15 mg/kg) at a rate of 4 mg-kg™!-min™ (0.053- 
0.067 mL/min) by infusion pump until tonic/clonic 
convulsions occurred. Total lidocaine doses from the 
beginning of infusion to the onset of convulsions 
were calculated for each animal as Infusion rate x 
Infusion time. 

During lidocaine infusion, arterial blood pressure 
and heart rate were continuously monitored and 
recorded, and the animals were continuously ob- 
served for tonic/clonic convulsions. 

Arterial blood, 0.2 mL, was withdrawn just before 
beginning the lidocaine infusion and 1.0 mL at the 
onset of convulsions to determine blood gas tensions, 
pH, and plasma concentrations of lidocaine. For 
determination of plasma concentrations of lidocaine, 
blood samples were centrifuged and the plasma fro- 
zen at —80°C until analyzed. Lidocaine concentra- 
tions were determined UV spectrophotometrically by 
high-performance liquid chromatography (HPLC); 
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Time 
0 Min 1 Min 5 Min IBC 
419 + 11 400 + 18 343 + 12** 344 + 11** 
429 + 4 412 +8 366 + 9 340 + 5% 
426 +7 413 +9 351 + 12 331 + 6** 
414 + 14 406 + 15 346 + 9F< 326 + 9F* 
103 + 2 10i + 2 100 + 2 101 + 3 
107 +2 105 + 4 105 + 4 107 + 3 
103 + 2 102 + 2 102 + 2 102 + 2 
100 + 2 99 +1 97 +1 101 + 2 


HR, heart rate; MAP, mean arterial blood pressure; IBC, immediately before convulsions; C, control; D, diazepam; D + F, diazepam + flumazenil; F, 
umazenil 


LC-6A (Shimadzu, Kyoto, Japan) and SPD-6A (Shi- 
madzu) were used as pump and detector, respec- 
tively, in the HPLC system. We used the method of 
analysis introduced previously by Satoh (4). The 
analytic conditions were as follows: the column— 
Shim-Pack (ODS) 4.6 x 250 mm (Shimadzu); the 
mobile phase—0.05 M KH,PO,, 0.05 M K,HPO,/ 
acetonitrile pH 4.0 (88:12 vol/vol). 

Diazepam was diluted from the trade solution 
(Valium, Roche Laboratories, Nutley, N.J.) in normal 
saline solution to a concentration of 0.2 mg/mL. 
Flumazenil (Ro 15-1788, Roche Laboratories) was 
dissolved in normal saline solution with 1 drop of 
Tween 80 to a concentration of 0.1 mg/mL, according 
to the method of Le Gal La Salle and Feldblum (5). 

Data obtained were expressed as mean values + 
SEM. Statistically significant differences were deter- 
mined by analysis of variance, followed by Duncan’s 
method or Student’s paired t-test; P < 0.05 was 
considered significant. 


Results 


Baseline heart rate and mean arterial blood pressure 
were similar in the four groups (Table 1). Heart rate 
was significantly decreased after 5 min of lidocaine 
infusion until the onset of convulsions in all groups. 
Mean blood pressure did not change until the onset 
of convulsions in all groups. 

Baseline blood gas data (Table 2) in the four groups 
were similar. The blood gas values and pH in all 
groups were within physiologic ranges at the onset of 
convulsions. 

Pretreatment with diazepam (group D) increased 
both the cumulative convulsant doses of lidocaine 
(54.9 + 1.3 mg/kg, P < 0.01) and the plasma concen- 
trations of lidocaine at the onset of convulsions 
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Table 2. Analysis of Arterial Blood Gases in the Four 
Study Groups 





Study group 





(n = 7) Baseline Convulsions 
pHa C 7.409 + 0.007 7.411 + 0.012 
D 7.400 + 0.004 7.400 + 0.007 
D+F 7.414 + 0.006 7.406 + 0.008 
F 7.424 + 0.008 7.421 + 0.008 
Pao, (mm Hg) C 80.6 + 1.6 86.7 + 3.4 
D 75.8 + 1.1 79.7 + 2.3 
D+F 78.0 + 2.2 83.7 + 3.1 
F 80.6 + 1.9 90.3 + 2.67 
Paco, (mm Hg) C 34.9 + 1.0 38.6 + 0.9 
D 38.3 + 1.2 39.0 + 2.0 
D+F 35.7 £19 38.5 + 1.9 
F 35.8 + 1.0 37.6 + 1.6 
HCO, (mEq/L) C 22.8 + 0.8 24.1 + 0.4 
D 23.6 + 0.6 24.1 + 1.3 
D+F 23.0 + 1.2 24.1 + 1.2 
F 23.4 + 0.9 24.34 1:2 





C, control; D, diazepam; D + F, diazepam + flumazenil; F, fhimazenil. 
Results are mean values + SEM. 
P < 0.01 vs 0 min. 
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Figure 1. Convulsant dose of lidocaine in each group. Results are 
mean values + sem (n = 7). #P < 0.01 versus control; {P < 0.01 
versus diazepam + flumazenil; §P < 0.01 versus flumazenil. 


(15.3 + 0.7 ug/mL, P < 0.01) compared with group C 
(40.0 + 1.9 mg/kg and 10.8 + 0.5 ug/mL, respectively) 
(Figures 1 and 2). The combination of diazepam and 
flumazenil (group D + F) and flumazenil alone 
(group F) affected neither cumulative convulsant 
doses of lidecaine (41.8 + 1.6 and 42.8 + 1.6 mg/kg, 
respectively) nor plasma concentrations of lidocaine 
at the onset of convulsions (11.5 + 0.4 and 10.8 + 
0.4 ug/mL, respectively) compared with group C 
(Figures 1 and 2). 


Discussion 


Specific binding of °H-diazepam to crude synaptoso- 
mal fractions of rat cerebral cortex was inhibited 
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Plasma Concentration of Lidocaine 


Figure 2. Plasma concentration of lidocaine at onset of convulsions 
in each group. Results are mean values + sem (n = 7). #P < 0.01 
versus control; “P < 0.01 versus diazepam + flumazenil; §P < 0.01 
versus flumazenil. 


competitively by flumazenil at one-fourth the milli- 
gram dosage of °H-diazepam (6); however, a wide 
dose range of flumazenil has been used to success- 
fully antagonize diazepam-induced sedation in vivo 
(2,3). Dodgson et al. (3) also reported that the dose of 
flumazenil required to antagonize diazepam-induced 
sedation might be different from that required to 
antagonize diazepam-induced amnesia. They specu- 
lated that there are several types of benzodiazepine 
receptors and that flumazenil has a greater affinity for 
the receptors that regulate psychomotor perfor- 
mance. Therefore, the dose of flumazenil antagoniz- 
ing the anticonvulsant effect of diazepam might differ 
from that antagonizing the sedative or amnestic ef- 
fect. Moreau et al. (7) reported that 10 mg/kg of 
intraperitoneal flumazenil reversed the anticonvul- 
sant action of 3 mg/kg of intraperitoneal diazepam 
against convulsions induced by intracerebroventricu- 
lar injection of N-methyl-p-aspartic acid in mice. Le 
Gal La Salle and Feldblum (5) reported that in rats 
fully kindled from repeated electrical amygdaloid 
stimulation, flumazenil (0.4-0.5 mg/kg) reversed the 
anticonvulsant effects of subcutaneous doses of 
2 mg/kg of diazepam and that the anticonvulsant 
reversal effect remained the same with flumazenil 
doses up to 20 mg/kg. Thus, the anticonvulsant effect 
of diazepam was antagonized to the same extent by 
flumazenil from one-fourth to 10 times the diazepam 
dose. Although the methods in the studies cited 
differed, we selected 0.1 mg/kg of IV flumazenil for 
0.2 mg/kg of IV diazepam. 

In the initial trials, flumazenil was not considered 
to have its own pharmacologic effects (8); however, 
there are several recent reports that flumazenil has 
intrinsic actions. Bansky et al. (9) reported that IV 
flumazenil reversed hepatic coma in humans. Schöpf 
et al. (10) reported that 5 mg of IV flumazenil in- 
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creased the degree of anxiety. On the other hand, 
Scollo-Lavizzari (11) reported that 2.5 mg of IV flu- 
mazenil caused a marked reduction of epileptic 
potentials. Our study showed that 0.1 mg/kg of IV 
flumazenil had no effect on lidocaine-induced convul- 
sions. Klotz and Kanto (8) reported that flumazenil 
had both weak and inverse agonist-like properties, 
depending on the basal conditions. 

In clinical application, flumazenil is useful as an 
antagonist of excessive postoperative sedation caused 
by benzodiazepines and as an antidote to benzodiaz- 
epine intoxication. Nakazawa et al. (12) reported that 
flumazenil reverses lorazepam-induced cardiovascu- 
lar depression; however, flumazenil can cause an 
unfavorable outcome when the effects of benzodiaz- 
epines are unnecessarily antagonized. Marchant et al. 
(13) reported a case of flumazenil-induced convul- 
sions and ventricular tachycardia in a patient who 
had taken an overdose of both a tricyclic antidepres- 
sant and a benzodiazepine, and Scollo-Lavizzari (14) 
reported that convulsions were induced in an epilep- 
tic patient when IV flumazenil was administered to 
counteract the treatment of status epilepticus with 
diazepam, phenytoin, and phenobarbital. In our 
model, pretreatment with diazepam increased both 
the cumulative convulsant doses of lidocaine and the 
plasma concentrations of lidocaine approximately 
40%. Flumazenil reversed the anticonvulsant effect of 
diazepam during lidocaine infusion. Our data sug- 
gest that flumazenil should be used with great care in 
patients who have received benzodiazepines to raise 
the threshold of local anesthetic toxicities during 
anesthesia and surgery and in patients who are 
receiving benzodiazepines for anticonvulsant ther- 
apy. 

In conclusion, IV flumazenil reversed the anticon- 
vulsant property of IV diazepam against lidocaine- 
induced convulsions, and flumazenil itself had no 
effect on lidocaine-induced convulsions in rats. 
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Does Preoperative Anxiety Influence Gastric Fluid Volume 


and Acidity? 


Per E. Haavik, MD, Eldar Søreide, MD, Bjorn Hofstad, MD, and Petter A. Steen, MD, PhD 
Departments of Anesthesiology, Ulleval Hospital and Rogaland Central Hospital, Stavanger, Norway 


Preoperative anxiety may increase gastric fluid acidity 
and volume. To pursue this possibility we evaluated 
the relationship between peroral premedication, pre- 
operative anxiety, and gastric content in 246 consec- 
utive patients presenting for elective gynecologic 
surgery. All patients fasted overnight and received 
either flunitrazepam 1 mg, oxazepam 25 mg, or 
placebo with 20 mL of water on the morning of 
surgery in a randomized, double-blind fashion. The 
patients assessed relief of anxiety using a four-graded 
scale (excellent, good, fair, poor). Both flunitrazepam 


anxiety (1). A variety of benzodiazepines, in- 

cluding diazepam, oxazepam, and fluni- 
trazepam, reduce anxiety preoperatively (1-4). Ide- 
ally, premedication should also minimize the risk of 
aspiration pneumonitis. Gastric fluid volumes > 
25 mL with a pH < 2.5 have been widely used as 
critical indicators for the development of aspiration 
pneumonitis and thus should be avoided (5-8). 

Preoperative anxiety has been thought to delay 
gastric emptying and increase gastric acidity and is 
therefore considered a risk factor in connection with 
aspiration pneumonitis (9-11). If preoperative anxiety 
does have a negative impact on gastric fluid volume 
and pH, we hypothesized that the anxiolytic effects 
seen with various benzodiazepines would counteract 
this negative influence. 

The purpose of this placebo-controlled study was 
to evaluate the relationship between peroral benzo- 
diazepine premedication with flunitrazepam and ox- 
azepam, preoperative anxiety, and gastric content in 
patients scheduled for elective gynecologic surgery. 


F Ihe main goal of premedication is to relieve 
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and oxazepam decreased anxiety (P < 0.01) compared 
with placebo. However, no correlations between type 
of premedication or level of anxiety and gastric contents 
were found. The proportion of patients with gastric 
fluid volume > 25 mL and pH < 2.5 was not signifi- 
cantly different in any of the groups studied. These 
results suggest that neither peroral benzodiazepine 
premedication nor preoperative anxiety have a clini- 
cally important impact on gastric content in patients 
presenting for elective gynecologic surgery. 

(Anesth Analg 1992;75:91-4) 


Methods 


The study protocol was approved by the hospital 
ethical committee and performed in accordance with 
the latest edition of the Declaration of Helsinki. Only 
patients scheduled for surgery in general anesthesia 
with endotracheal intubation were selected. During a 
6-mo period, written informed consent was obtained 
from 246 consecutive patients, aged 18-70 yr, ASA 
physical status I and II, all scheduled for gynecologic 
surgery. Patients with conditions known to affect 
gastric secretion and emptying, such as pain, second- 
or third-trimester pregnancy, a history of serious 
gastrointestinal disease, or obesity (defined as a body 
weight exceeding 120% of ideal body weight [IBW in 
kg = Height in cm — 100]) were excluded. Patients 
who had used psychotropic drugs during the last 10 
days or suffered from alcohol or drug addiction were 
excluded as well. 

Patients were randomized to receive either ox- 
azepam 25 mg, flunitrazepam 1 mg, or placebo in a 
double-blind fashion. As no exact data were available 
to secure equipotent anxiolytic doses, the dosages 
recommended by the manufactures (oxazepam, Kabi 
Vitrum; flunitrazepam, Roche) were used. The study 
medications were placed in identical-looking soft 
gelatine capsules (capsugel). All patients fasted after 
midnight. 

Inpatients were hospitalized the day before sur- 
gery and received a single dose of the study drug 
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between 9 and 11 pm the evening before surgery and 
the same compound the following morning at 7 AM. 
Outpatients received only the morning dose of the 
study drug. The premedication drugs were given 
with 20 mL of water at 7 am. A minimum time lapse 
of 45 min from premedication to induction of anes- 
thesia was required; no maximum length was set. 

On arrival in the operating room, the patients gave 
a subjective assessment of the anxiolytic effect by 
answering the following question: “How do you 
evaluate the effect of the tablet on your anxiety now 
just before the operation; excellent, good, fair, or 
poor relief of anxiety?” Immediately after induction 
of anesthesia and orotracheal intubation, a multi- 
orificed polyvinyl orogastric tube size 22F was in- 
serted to 60 cm from the incisors, and correct position 
was verified by air insufflation and auscultation. The 
tube was withdrawn under intermittent suction, and 
all aspirated fluid was collected in a mucus trap 
polyvinyl bottle, which collapsed at negative pres- 
sures exceeding —60 mm Hg. The procedure was 
repeated once, and total volume, pH, and color of 
aspirate were recorded. Gastric pH was measured 
using Merck pH paper (12). The pH of the first 50 
samples were double-checked with a calibrated Radi- 
ometer pH meter 28 to ensure that no systematic 
error was added to the study during the measure- 
ment of pH. 

Results are given as means with standard devia- 
tion (sp), and range where appropriate. Statistical 
analysis was performed using one-way analysis of 
variance for parametric values and the y*-analysis to 
compare proportions of patients in the different 
groups. Differences were considered statistically sig- 
nificant when P < 0.05. 


Results 


Of the 246 patients studied, 152 were hospitalized for 
laparotomy (inpatients) and 94 patients were sched- 
uled for ambulatory laparoscopy (outpatients). No 
differences in age distribution were noted in the three 
groups studied, with mean ages of 41 + 14, 40 + 14, 
and 41 + 13 yr, respectively. The mean time from 
premedication to induction of anesthesia was 172 + 
101 (range 45-380 min) for flunitrazepam, 140 + 88 
(range 45-392 min) for oxazepam, and 171 + 102 
(range 45-380 min) for placebo (P > 0.05). 

In Table 1 the patients’ own ratings of anxiolytic 
effects are presented. Both flunitrazepam and ox- 
azepam had a significantly better anxiolytic effect 
than placebo (P < 0.01). However, this difference in 
anxiolytic effect was not associated with any differ- 
ences in gastric fluid volume and pH (Table 2). 

The gastric fluid volumes and pH found in inpa- 
tients did not significantly differ from those found in 
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Table 1. Patients’ Assessment of Anxiolytic Effect 


Effect Flunitrazepam Oxazepam Placebo Sum 
Excellent 15 16 6 37 
Good 41 33 25 99 
Fáir 19 26 29 74 
Poor 7 6 17 30 
Sum 82 81 77 240 

Flunitrazepam = oxazepam > placebo (P < 0.01). 
Data lacking in six patients. 


outpatients (Table 2). Furthermore, no significant 
difference was found in pH between bile-stained, 
green aspirate and aspirate described as clear, bright 
yellow, 

The proportion of patients with gastric fluid vol- 
umes > 25 mL and pH < 2.5 were not different for 
flunitrazepam, oxazepam, or placebo, whether the 
whole group was studied or inpatients or outpatients 
were studied separately (Table 3). To look at the effect 
of anxiety, independently of the drug given, the 
proportion of patients with gastric fluid volume > 
25 mL and pH < 2.5 was compared between patients 
reporting poor or fair relief of anxiety and those 
reporting excellent or good relief (Table 3). No signif- 
icant difference could be detected using these criteria 
either. 


Discussion 


This is the first placebo-controlled study of the rela- 
tionship between premedication with peroral benzo- 
diazepines, preoperative anxiety, and gastric content. 
Peroral premedication with benzodiazepines may in- 
fluence gastric content in different ways. Some stud- 
ies have shown an increase in gastric emptying and 
pH after intake of diazepam (13-16). These changes 
are probably due to effects on regulatory functions in 
the central nervous system (15) and could be present 
with other benzodiazepines as well. Further, the 
volume of fluid ingested with the premedication 
seems to play a role in determining the total gastric 
volume (5-8). In previous studies, 50-150 mL of 
water has been ingested. We allowed only 20 mL of 
water (“a sip of water’) to be taken, thereby mini- 
mizing, if not eliminating, the effect of any water 
intake on the results. 

When studying anxiolytic effects of drugs given 
preoperatively, the placebo effect should be sepa- 
rated from the pharmacologic effect (1). Madej and 
Paasku (1) believe the most reliable way to test for 
anxiolytic effects is to let the patient in some form 
assess the level of anxiety, as we did in the present 
study. 

Preoperative anxiety has been asserted as a risk 
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Table 2. Volume and pH of Aspirated Liquids 


Flunitrazepam 
All patients 
(n = 246) 
pH pa | aca Oa | 
Vol (mL) 2a 21 
Inpatients 
(n = 152) 
pH ZLA LI 
Vol (mL) 22 + 19 
Outpatients 
(n = 94) 
pH 2.0 + 0.9 
Vol (mL) 25 + 24 
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Oxazepam Placebo All 
> ae | 2.4213 2212 
18 + 18 18 + 18 20 + 18 
E2 2 = 10 22212 
17 23 + 13 19 + 16 
+l 2.4 + 1.4 VA) ea OV 
+13 22 + 23 21 + 20 





Vol, volume. 


There were no statistically significant differences between any of the listed groups (P > 0.1). 


Table 3. Proportion of Patients With Gastric Volume > 25 mL and pH < 2.5 











Premedication Relief of anxiety 
Flu (n = 85) Oxa (n = 88) Pla (n = 73) All (1 = 246) Excellent-good Fair—poor 
All patients 26/85 (31%) 21/88 (24%) 18/73 (25%) 65/246 (26%) 40/141 (28%) 24/103 (23%) 
(n = 246) 
Inpatients 16/52 (31%) 13/55 (24%) 9/45 (20%) 38/152 (25%) 22/92 (24%) 15/59 (25%) 
(n = 152) 
Outpatients 10/33 (30%) 8/33 (24%) 9/28 (32%) 27/94 (29%) 18/49 (37%) 9/44 (21%) 
(n = 94) 





Flu, flunitrazepam; Oxa, oxazepam; Pla, placebo. 


There were no statistically significant differences (P > 0.1) between any of the listed groups. 


factor in connection with gastric content and aspira- 
tion pneumonitis (9,17). As previously reported (4), 
we found that flunitrazepam had a better overall 
anxiolytic effect than oxazepam and placebo. How- 
ever, with the dosages used we could not detect any 
differences in gastric fluid volume and acidity be- 
tween patients receiving flunitrazepam, oxazepam, 
or placebo. Neither could we find any differences in 
gastric contents between patients reporting good 
versus those reporting poor relief of anxiety, irrespec- 
tively of which drug they had received. Hence, our 
results do not support the existence of any associa- 
tion between the level of preoperative anxiety and 
gastric fluid volume and pH. One could speculate 
that the doses given where too small to achieve 
adequate anxiolysis and thereby significant effects on 
gastric fluid volume and pH. However, previous 
studies have not shown significant differences in 
anxiolytic effect between flunitrazepam 2 mg and 
1 mg (3), or between flunitrazepam 1 mg and ox- 
azepam 30 mg (2). Further, the values for gastric fluid 
volume and pH found with oxazepam 25 mg corre- 
sponded very well to the results in an earlier study 
where twice as much oxazepam (50 mg) was given 
(18). 


Perhaps we need to better differentiate various 
types of anxiety in order to define patients in whom 
preoperative anxiety may influence gastric content. 
Simpson and Stakes (11) found that “gastric stasis 
occurred only in patients with a low predisposition to 
anxiety who became apprehensive whilst awaiting 
surgery.” Our study did not make such distinctions 
possible. On the other hand, the rate of gastric 
emptying is just one of the many factors determining 
the volume of gastric fluid present at induction of 
anesthesia. 

Interestingly, we did not observe any differences 
in gastric fluid volume and pH between inpatients, all 
scheduled for laparotomy, and outpatients, all sched- 
uled for laparoscopy. Our findings contrast with the 
long-held assumption that outpatients as a group 
have increased gastric volumes (9,17). Similar to 
Brock-Utne et al. (19), we did not find bile-stained 
aspirate to be more alkaline than clear aspirate. 

The accuracy of blind aspiration for studies of 
gastric content has been questioned by several au- 
thors (20,21) and has been a source of discussion in 
numerous studies (5-8,13). We used a larger multi- 
orificed gastric tube (22F) than was used in many 
previous studies (5-8). Further, thestction. system 
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was modified to prevent excessive negative pressure 
and sticking of the tube to the gastric wall. We believe 
these measures, together with the fact that one inves- 
tigator performed the majority of aspirations, mini- 
mized the systemic error of blind aspiration in our 
study. We used Merck pH paper for the pH measure- 
ments, which has a high degree of accuracy com- 
pared with electronic pH meters (12,19), something 
that is in accordance with our own experience. 

In summary, the results of this placebo-controlled 
study suggest that neither premedication with fluni- 
trazepam and oxazepam in the present dosages nor 
the level of preoperative anxiety have any notable 
effects on gastric fluid volume and acidity. The mean 
gastric pH was <2.5 in all groups studied. Large 
proportions of patients in all groups had a combina- 
tion of gastric fluid volume and acidity disposing for 
aspiration pneumonitis should regurgitation occur. 
Other measures than relieving preoperative anxiety 
must therefore be considered if the risk of aspiration 
pneumonitis is to be minimized. 
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We conducted a comparative trial of the gastric pro- 
ton pump inhibitor omeprazole and the H,-receptor 
antagonist ranitidine on gastric pH in 50 adult pa- 
tients scheduled for elective gynecologic surgery. The 
drugs were administered intravenously in random 
fashion after induction of general anesthesia and 
placement of a gastric electrode for continuous pH 
monitoring. The two drugs caused significant in- 
creases in gastric pH that did not differ significantly 
when compared with one another, yet there were 
significant differences from the control group, which 
did not receive either of the two drugs. A gastric pH 
of 2.5 was reached within median 34 and 26 min after 


administration of omeprazole (40 and 80 mg, respec- 
tively) and within median 32 and 26 min after admin- 
istration of ranitidine (50 and 100 mg, respectively). 
After injection of omeprazole, a gastric pH of 3.5 was 
reached after median 41 and 34 min; injection of 
ranitidine (50 and 100 mg) produced a pH of 3.5 after 
median 43 and 48 min, respectively. We conclude 
that the intravenous administration of a single dose 
of omeprazole or ranitidine causes a similar increase, 
both in magnitude and time of onset, in gastric pH 
during general anesthesia. 

(Anesth Analg 1992;75:95-8) 





anesthesia is still a major complication associ- 

ated with a high morbidity and mortality. A 
gastric pH <2.5 and a volume of =25 mL are consid- 
ered critical factors for the development of pulmo- 
nary damage in adults (1); low-volume pulmonary 
aspirates (0.3 mL/kg) with extremely low pH (1.0) 
resulted in a high mortality rate (90%) in rats (2). 
Subsequent investigations in animals have demon- 
strated that pH is more important than volume in 
determining lung injury and mortality (2,3). Among 
the various methods that have been investigated to 
reduce pulmonary injury after aspiration of gastric 
contents is the administration of drugs capable of 
increasing the pH or decreasing the volume of gastric 
juice, or both. 

The goal of this investigation was to compare the 
increase of gastric pH under the influence of the 
well-established H,-receptor antagonist ranitidine 
and omeprazole, a comparably new compound that 
has thus far proved highly effective in the treatment 


j | the aspiration of gastric contents during general 
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of postoperative bleeding from stress ulcers (4) and 
acid-related gastrointestinal diseases (5). 


Methods 


Fifty female patients (ASA physical status I and II) 
scheduled for elective gynecologic surgery were stud- 
ied. Operations consisted of genital, lower abdomi- 
nal, and breast surgery. No patient had a history of 
gastrointestinal disease or was taking drugs known to 
influence gastric acidity or volume. Obese patients 
were excluded from the study (body weight 20% 
above the ideal weight was defined as obesity). 
Informed consent was obtained in all cases. The 
study was approved by the Ethical Commitee of the 
University Hospital of Zurich. 

All patients were hospitalized before the operation 
and had been fasting since midnight. Surgery was 
started early in the morning. The anesthetic tech- 
nique was standardized. Premedication consisted of 
midazolam (5 mg IM) 45 min before anesthesia. 
Thiopental (4-6 mg/kg IV) was administered for in- 
duction of anesthesia and succinylcholine (1.5 mg/kg 
IV) to facilitate orotracheal intubation; enflurane and 
70% nitrous oxide in oxygen as well as pancuronium 
for muscle relaxation were administered for mainte- 
nance of anesthesia. After intubation, a nasogastric 
tube was inserted into the stomach, and gastric 
contents were evacuated. Intragastric pH was mea- 
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Table 1. Clinical Characteristics of the Five Study Groups 





Age Weight Height 
Study group (yr) (kg) (cm) 
Omeprazole 
40 mg (n = 10) 51+ 13 66 + 10 164 + 8 
(31-64) (49-80) (155-180) 
80 mg (n = 10) 45+ 15 71 + 13 168 + 10 
(23-63) (47-85) (154-184) 
Ranitidine 
50 mg (n =10) 43 + 13 60 + 12 163 + 11 
(25-61) (51-82) (152-176) 
100 mg (n = 10) B+ 62+ 12 162 + 8 
(24-59) (50-78) (153-178) 
Control (placebo) 
(n = 10) 46 +14 73 + 10 171 + 8 i 
(28-65) (60-85) 162-180) 0 » 40 © Q 10 10 °° 140 


Data are presented as mean values + sp; oe ahah 
ranges, 


sured with a miniaturized glass electrode connected: 
to a solid-state recorder (Gastrograph Mark II, Med-: 
ical Instruments Corporation, Switzerland) that: 


printed data at 6-min intervals. Calibration was per- 


formed with buffer solutions of 7.00, 4.01, and 1.679, 


at room temperature. After each run, calibration was 
repeated for assessment of electrode accuracy and 


stability. An electrode drift of <0.1 pH units was' 


considered acceptable. The electrode was advanced 


transnasally into the patient’s stomach for continuous , 


intragastric pH monitoring. Its proper position was 


verified by a sudden, sharp decrease in pH at the: 


border of the esophagus and stomach; pH profiles 


were established for the duration of 2 h during 


general anesthesia. 
The patients were randomly assigned to five 


groups of 10 patients each. Group A received ome- , 
prazole (40 mg), group B omeprazole (80 mg), group ` 


C ranitidine (50 mg), and group D ranitidine 
(100 mg). All anesthetics were administered intrave- 
nously immediately after placement of the gastric 
electrode. A control (placebo) group did not receive | 
either of the two drugs. 

For statistical comparison, the sum of individual 
measurements for all rating points was first calcu- . 
lated; this was followed by the multigroup Kruskal- 


Wallis test to examine differences between the » 
groups. Pairwise comparisons among the treatment | 
groups were made according to Nemenyi. Results . 


were considered statistically significant if P < 0.05. 


Results 


Clinical characteristics of the patients with regard to . 
age, weight, and height were comparable in the five 


groups (Table 1). Both doses of omeprazole (Figure 1) 


Figure 1. Development of gastric pH after injection of 40 and 
80 mg of omeprazole. Data are presented as mean values + sp. 
Ci, Omeprazole 80 mg; @, omeprazole 40 mg; A, baseline. *P < 
0.05 vs baseline. 





0 20 40 60 80 100 120 140 


Figure 2. Increase in gastric pH after injection of 50 and 100 m mg oF 
ranitidine. Data are presented as mean values + sp. W, Raniti 
100 mg; L], ranitidine, 50 mg; A, baseline. *P < 0.05 vs baseline. 


and ranitidine (Figure 2) increased gastric pH. After 
40 min, three patients in group A, two in group B, 
three in group C, and three in group D failed to reach 
a gastric pH of 2.5. Complete failure occurred in only 
one patient in group C. Figure 3 shows median 
(range) pH 2.5 and 3.5 values versus time. With 
omeprazole 40 and 80 mg intravenously a gastric pH 
of 2.5 was reached after 34 min (range 8-60) and 
26 min (range 10-57), respectively. Ranitidine 50 and 
100 mg produced a gastric pH of 2.5 after 32 min 
(range 7-75) and 26 min (range 12-60), respectively. 
With omeprazole (40 and 80 mg IV), a pH of 3.5 was 
reached after 41 min (range 16-87) and 34 min (range 
19-68), respectively. With ranitidine (50 and 100 mg 
IV), a pH of 3.5 was reached after 43 min (range 
24-84) and 48 min (range 16-82), respectively. 

There were no significant differences in the four 
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Figure 3. Gastric pH 2.5 and 3.5 plotted versus time. Box: Whisker 
plots present median values of the first time at which the patients 
in all treatmen: groups reached gastric pH of 2.5 and 3.5. The 
median is shown as a solid horizontal line surrounded by a box that 
represents the two quartiles (25th and 75th). Whiskers above and 
below the box indicate the furthest value within one interquartile 
distance from the quartile. Values outside this range are shown 
separately. O 40, omeprazole 40 mg; O 80, omeprazole 80 mg; R 50, 
ranitidine 50 mg; R 100, ranitidine 100 mg. 


study groups when compared with one another, yet 
for most rating points, 80 mg omeprazole yielded the 
highest and 40 mg omeprazole the lowest mean pH 
values. The four treatment groups differed statisti- 
cally significantly compared with the control group. 
Apart from baseline values, patients in groups A, B, 
and D showed a statistical difference from the placebo 
group at all times (P < 0.05); the same was true for 
ranitidine (50 mg) at 40, 60, 80, and 120 min (P < 
0.05). 


Discussion 


Attempts to reduce intragastric acidity rely on various 
H,-receptor antagonists or antacids. The literature 
describes a gastric pH of <2.5 and a volume that 
exceeds 0.4 mL/kg or 25 mL as critical factors for the 
development of pulmonary damage after aspiration 
in adults (1,6). Low-volume pulmonary aspirates 
(0.3 mL/kg) with extremely low pH (1.0) resulted in a 
high (90%) mortality rate in rats (2). Based on this 
definition, 17%-64% of patients who have been fast- 
ing are said to be at risk before elective surgery (7-9); 
an even higher percentage of patients are at potential 
risk if Crawford’s (10) suggestion of a limit of 3.5 is 
accepted. Serious lung injury has been reported (11) 
in a patient who aspirated material with a pH of 3.5. 
Placement of an electrode into the stomach permits 
continuous monitoring of intragastric pH develop- 
ment under the influence of ranitidine and omepra- 
zole. The reproducibility of this technique during 
standard time periods is excellent, and important 
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changes of acidity are accurately detected (12). A drift 
of only 0.11 + 0.01 pH units/24 h is described in the 
literature (13). Previous studies (14-16) had to ex- 
clude patients because gastric samples could not be 
obtained, mainly owing to inadequate gastric vol- 
ume. 

Ranitidine has been used successfully in reducing 
gastric pH and lung injury should aspiration occur. 
This drug is described as a more active H,-receptor 
antagonist than its predecessor cimetidine (14). No 
side effects have been reported after single doses of 
ranitidine (14), which we observed in our study as 
well. The intravenous dose of 50 mg administered 
after induction of general anesthesia was just as 
effective as 100 mg in altering gastric pH to a final 
value of median 6.7 and 6.3, respectively, except that 
there was a slower increase for the 50-mg dose, with 
one patient failing completely. Median times of 32 
and 26 min were necessary to increase the gastric pH 
to 2.5, the range believed to be associated with the 
risk of aspiration pneumonitis. This is in contrast to 
Durrant and Strunin (14), who mention a minimal 
effective time for H,-receptor antagonists adminis- 
tered either orally or intravenously of 45 min. To 
meet Crawford’s criterion of a pH of 3.5, 43 and 
48 min were necessary. 

Omeprazole is a comparably new compound that 
produces a more prolonged suppression of gastric 
acid secretion than H,-receptor antagonists (16) be- 
cause it remains in the gastric mucosa for 16-48 h (5). 
Like ranitidine it is effective in treating acid-related 
gastrointestinal diseases but with better results in less 
time (17-19). Large doses of ranitidine were unable to 
influence gastrointestinal bleeding, which could be 
stopped in most cases when treatment was switched — 
to omeprazole (80 mg IV) (9). The drug can produce 
almost total inhibition of gastric acid secretion (20,21). 
Omeprazole is a substituted benzoimidazole and as 
such is a specific inhibitor of the proton pump 
H*,K*-ATPase. This enzyme acts at the final step in 
the acid-secreting pathway by exchanging luminal K* 
for cellular H* and is found only in the parietal cell. 
Omeprazole has no effect on other H*-secreting cells 
in the body. Serious side effects have not been 
reported, possibly because its action is so selective 
(15). Likewise, we did not observe any side effects in 
our patients. The 40- and 80-mg dose, given intrave- 
nously after induction of general anesthesia, altered 
gastric pH significantly when compared with controls 
at all rating points recorded thereafter, but the two 
dosages did not differ significantly when compared 
with one another. At most rating points, however, 
80 mg of omeprazole yielded the highest and 40 mg 
the lowest mean pH values, with ranitidine (50 and 
100 mg) in between. After omeprazole (80 mg IV) and 
ranitidine (50 mg IV) administered as bolus and 
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continuous infusion to unanesthetized volunteers, 
the drugs were also well tolerated and showed a 
marked reduction in gastric acidity (22,23). 

Many investigations have thus far centered on the 
oral administration of omeprazole: 80 mg the evening 
before surgery failed to increase gastric pH above 2.5 
in 7 of 20 obstetric patients (24), whereas 40 mg the 
evening before and on the morning of cesarean 
section met this criterion (16). A pH of 2.5 was 
reached after 34 and 26 min with the 40- and 80-mg 
doses, respectively, in all of our patients, indicating 
that both doses are suitable for rapidly altering gastric 
pH. The maximal pH values reached were 6.5 and 6.9 
after 2 h. 

The data suggest that both ranitidine and omepra- 
zole administered intravenously during general anes- 
thesia cause a continuous increase in gastric pH. This 
increase did not differ significantly either between the 
two drugs or the different doses used in our investi- 
gation. 

Both compounds are equally suitable for increas- 
ing gastric pH above the level believed to be associ- 
ated with a potential risk for aspiration pneumonitis. 
Although the data were collected intraoperatively 
under the influence of a general anesthetic, it is 
highly probable that similar results would have been 
obtained were intravenous omeprazole and raniti- 
dine administered preoperatively in unanesthetized 
patients. 
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To determine the effects of intravenous (IV) ketorolac 
on anesthesia and the mechanisms involved, we eval- 
uated its effects on minimum alveolar anesthetic con- 
centration (MAC) and ventilation in halothane- 
anesthetized rats. Ketorolac in clinical (0.2 and 2 mg/kg) 
and large (20 and 40 mg/kg) IV doses did not affect the 
MAC of halothane (0.82% + 0.02%). Resting end-tidal 
CO, tension (5.1% + 0.1%) and the slope of the CO, 
response curves (70 + 6 mL-min™'-%~') were also 
unaffected by IV ketorolac. The mean arterial blood 


pressure did not significantly change after ketorolac in 
doses of 0.2, 2, or 20 mg/kg but decreased significantly 
(P < 0.05) after 40 mg/kg (placebo 99 + 8 mm Hg; 
ketorolac 87 + 6 mm Hg). This study demonstrates that 
MAC, ventilation, and mean arterial blood pressure are 
unaffected by clinical doses of IV ketorolac. Further- 
more, the lack of effect on MAC and ventilation from 
larger doses suggests that ketorolac does not have 
mechanisms of action in the central nervous system. 
(Anesth Analg 1992;75:99-102) 





etorolac, a nonsteroidal antiinflammatory 

drug, is useful as an analgesic during the 

perioperative period (1-4). Some nonsteroidal 
antiinflammatory drugs, including ketorolac, have 
central nervous system effects, including sleepiness 
(5-8); however, studies with oral doses of ketorolac in 
rodents suggest that ketorolac lacks central nervous 
system effects (9). It is not known whether intrave- 
nous (IV) ketorolac has significant central nervous 
system effects that could produce a decrease in anes- 
thetic requirements. We hypothesized that if ketoro- 
lac works, in part, through central pathways, then a 
reduction in the minimum alveolar anesthetic con- 
centration (MAC) of halothane should occur. We 
therefore evaluated the changes in the MAC of 
halothane in rats after clinical (0.2 and 2 mg/kg) and 
large (20 and 40 mg/kg) doses of IV ketorolac. 

Small intramuscular doses of ketorolac do not 
cause respiratory depression in unanesthetized vol- 
unteers (10) or when combined with propofol anes- 
thesia (11). It is not known whether IV ketorolac, 
particularly in large doses, has central nervous sys- 
tem analgesic effects that may be associated with 
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respiratory depression. To determine the respiratory 
depressant effects of clinical and large doses of IV 
ketorolac, we measured the resting end-tidal CO, 
(ETco,) and CO, respiratory response curves in 
halothane-anesthetized rats. 


Methods 


Eighteen male Sprague-Dawley rats (290-340 g) were 
anesthetized with halothane and oxygen in a plastic 
chamber. A 14-g polyethylene endotracheal tube was 
inserted by means of a tracheostomy for airway 
control. The right femoral vein was cannulated for 
administration of IV ketorolac. The right femoral 
artery was cannulated for continuous mean arterial 
blood pressure (MAP) monitoring and arterial blood 
gas sampling. The rats were positioned supine on a 
warmer designed to maintain normothermia, as mea- 
sured by rectal temperature. 

The endotracheal tube was attached to a small 
Mapleson D circuit, and 12 rats were allowed to 
ventilate spontaneously. Anesthesia was maintained 
with 1% halothane and O,. A pneumotachometer 
(Silverman screen), attached to the endotracheal 
tube, was used to measure respiratory frequency (f) 
and tidal volume (Vr). Minute ventilation (VE) was 
calculated by f x Vr. The ETco, was measured from 
within the endotracheal tube with a side-stream Eng- 
strom Eliza CO, analyzer. 
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After the control MAP and ETco, were recorded, a 
small balloon filled with 1% halothane and O, was 
attached to the breathing circuit, the system closed, 
and the rebreathing started. The ETco,, respiratory 
frequency, and tidal volume were continuously re- 
corded until the ETco, reached 9.5%. The breathing 
circuit was opened, and the rat was allowed to recover | 
for 20 min. Ketorolac (0.2 mg/kg IV) or placebo was | 
injected, and 20 min later the MAP, resting ETco,, and | 
CO, response curves were remeasured. The series was | 
continued with IV ketorolac (2, 20, and 40 mg/kg) (n = | 
6) or IV placebo (n = 6). The MAP and ETco, after IV 


ketorolac injection were compared with control and. 


placebo values by repeated measures analysis of vari- 
ance (ANOVA). The slope of the CO, 
between 7% and 9% ETco, and Ve at 7%, 8%, and 9% 
ETco, were compared with control and placebo values 
by repeated measures ANOVA. The data are repre- 


sented as mean values + sEM and considered signifi- | 


cant at P < 0.05. 

Ventilation was controlled in six rats by means of a 
Harvard small-animal ventilator. The MAC was de- 
termined by measuring end-tidal halothane concen- 
tration (gas chromatography) at the time of applica- 
tion of a rubber-shod clamp to the tail (12). A positive 
response was gross body movement. The concentra- 
tion of halothane was varied by 0.1%, allowing 
12 min between changes to ensure steady-state con- 
ditions. The highest concentration at which the rat 


mse curves . 


responded was averaged with the lowest concentra- 


tion at which the rat did not respond for the value of 
MAC. After the MAC of halothane was determined, 


measurement of MAC was repeated 20 min after each ` 


of four successive doses of IV ketorolac (0.2, 2, 20, 
and 40 mg/kg). The MAC is presented as mean + SEM 
and compared by repeated measures ANOVA. 


Results 


The baseline weight, temperature, pHa, Paco,, Pao,, 
heart rate, and MAP were not significantly different 


between rats receiving ketorolac or placebo (Table 1). | 


Rectal temperature did not change significantly 
throughout the experiment in any of the groups. Ke- 
torolac in doses up to 20 mg/kg IV did not significantly 


change MAP; however, 40 mg/kg produced a small but — 


significant (P < 0.05) decrease in MAP compared with 
placebo (99 + 8 versus 87 + 6 mm Hg) (Figure 1). 


The resting ETco, (5.1% + 0.1%) did not change : 


significantly with IV ketorolac compared with control 
or placebo values (Figure 2). The Ve was calculated at 
an ETco, of 5.5%, 6.0%, 7.0%, 8.0%, 9.0%, and 9.5% 
in all rats with two exceptions (ketorolac 20 mg/kg; Vz 
could not be calculated at 5.5% in two rats). The slope 


of the CO, response curve (70 + 6 mL-min7?-%7~*) - 
did not change after administration of IV ketorolac ' 


a- = 
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Table 1. Physiologic Data at Control Values for Both the 
CO, Response and Minimum Alveolar Anesthetic 
Concentration Studies 


CO, response 

Placebo Ketorolac MAC 

(n = 6) (n = 6) (n = 6) 
Wt (g) 313 +5 307 + 7 311 + 6 
Temp (C) 36.9 + 0.1 36.8 + 0.1 37.0 + 0.1 
pHa 7.39 + 0.02 7.41 + 0.02 7.42 + 0.01 
Paco, (mm Hg) 41.8 + 1.3 42.4 + 1.5 39.6 + 0.6 
Pao, (mm Hg) 215 + 28 214 + 23 i 
HR (beats/min) 391 +5 388 + 6 389 + 3 
MAP (mm Hg) 92 +5 95 + 6 99 + 4 


HR, heart rate; MAP, mean arterial blood preasure; MAC, minimum 


alveolar anesthetic concentration. 
* Controlled ventilation >300 mm Hg. 


125 
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50 

* p<.05 

control 0.2 2.0 20 40 


Ketorolac mg/kg IV 


Figure 1. Mean arterial blood pressure (MAP) after ketorolac (n = 
6) or placebo (n = 6) IV administration. 
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Figure 2. Resting ETco, after ketorolac (n = 6) or placebo (n = 6) 
IV administration. 


compared with control or placebo values (Figure 3). 
Likewise, comparison of Ve between rats receiving 
placebo and ketorolac at an ETco, of 7%, 8%, and 9% 
(229 + 17, 316 + 15, and 371 + 16 mL/min) revealed 
no significant differences. Statistically, there was a 
95% chance of detecting a 0.2/5.1 (4%) change in 
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Figure 4. Minimum alveolar concentration of halothane (%) after 
ketorolac IV administration. 


ET co, and a 96% chance of detecting a 16% change in 
Ve. The MAC of halothane did not change signifi- 
cantly after administration of any of the four doses of 
IV ketorolac (Figure 4). 


Discussion 


Inflammatory pain and hyperalgesia may have two 
components resulting from prostaglandin release: a 
peripheral one, caused by the local sensitizing action 


of pain receptors, and a central one, possibly caused 
by the participation of central pain circuits (8). The 
nonsteroidal antiinflammatory drugs may exert anal- 
gesic action by preventing the hyperalgesia elicited 
by peripheral or central release of prostaglandins, or 
both (5-7). 

In assays involving comparison of the yeast- 
inflamed paw in awake rats, oral ketorolac increased 
the pain threshold of the inflamed paw but not the 
noninflamed paw (9). This and the observation that 
oral ketorolac up to 49 mg/kg is inactive in the 
hot-plate test in awake mice (9) have suggested that 
ketorolac does not have central nervous system ef- 
fects. It is unknown whether IV ketorolac in clinical 
or large doses has central nervous system effects that 
would decrease MAC or depress ventilation. 

In rats, the minimal effective analgesic dose of oral 
ketorolac is 0.1-3.0 mg/kg, depending on the test for 
inhibition of pain (9). Human clinical doses required 
to produce analgesia are 0.5-1.5 mg/kg IV or IM 
(10,11). The smaller doses of ketorolac used in this 
study (0.2 and 2.0 mg/kg) bracket the clinical limits 
for both rats and humans. The larger doses (20 and 
40 mg/kg) are one to two orders of magnitude larger 
than the effective dose. Because of the 5-h half-life of 
IV ketorolac (13), the final doses in this study were 
cumulative and therefore even larger than reported. 

The MAC reduction was tested by means of the 
tail-clamp method, which is thought to detect MAC 
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changes due to central nervous system effects (14). In’ 
both clinical and large IV doses, there was no effect of 
ketorolac on the MAC of halothane in rats. This is 


consistent with previous studies (9) done with oral’ 


doses in awake mice and rats, that suggested that 
ketorolac, unlike the opioids, is an analgesic that. 
lacks central nervous system effects. 


Ventilatory depression secondary to IV TRT 
was determined by evaluation of resting ETco, and , 


CO, response curves. The rats breathed 1% halothane 


and 99% oxygen, which minimizes peripheral chemore- | 
ceptor stimulation and allows evaluation of central ' 
nervous system respiratory effects. Ketorolac up to` 
90 mg does not produce respiratory depression in, 
awake humans (10) and propofol-anesthetized patients : 


(11). We demonstrated in this study that IV ketorolac ' 
does not depress ventilation. Because large IV doses do | 


not affect resting ETco, or the slope of the CO, re- 
sponse curves, this further suggests that ketorolac lacks ; 
central nervous system effects. 


Ketorolac in doses up to 30 mg IM (11) or 90 mg IV , 
(15) does not change cardiac or hemodynamic varia- ! 


bles in humans. In our study, only the large IV dose | 


(40 mg/kg) was found to produce a statistically sig- 


nificant, but clinically modest, decrease in MAP. This | 
suggests that ketorolac can be used with a large safety — 


margin with respect to hemodynamic stability. 


In conclusion, IV ketorolac in clinical and large ` 
doses does not decrease the MAC of halothane or | 


cause depression of ventilation in rats. Furthermore, 


the lack of these effects in large doses suggests that | 
ketorolac, unlike the opioids, does not have a central . 


nervous system mechanism of action. 
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Effect of Chloride Transport Blockade on the MAC of 


Halothane in the Rat 


George F. Rich, MD, PhD, Maryrose P. Sullivan, PhD, and J. Milton Adams, PhD 
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Charlottesville, Virginia 


There is growing evidence that central nervous sys- 
tem chloride transport via yaminobutyric acid 
(GABA,) related Cl” conductance or Cl-/HCO,7 
exchange affects anesthetic requirements. To delin- 
eate the effects of GABA,-related Cl” conductance 
blockade versus Cl-/HCO,~ exchange inhibition, we 
determined the change in minimum alveolar anes- 
thetic concentration (MAC) of halothane in rats after 
intracisternal infusion of 4,4'-diisothiocyano-2,2’- 
disulfonic acid stilbene (DIDS). DIDS inhibits Cl7/ 
HCO,” exchange transport in concentrations >1 uM 
and in GABA,-related Cl~ channels in concentra- 
tions >0.1 mM. After control MAC determination, 
rats were given intracisternal mock cerebrospinal 


remain largely speculative; however, there is 

increasing evidence that anesthetics enhance 
inhibitory transmission within the central nervous 
system, with yaminobutyric acid (GABA) acting as 
an inhibitory transmitter (1-7). The GABA, complex 
consists of receptors for benzodiazepines, barbitu- 
rates, and an associated Cl” channel (8). Activation of 
Cl” channels by GABA allows Cl to enter the cell 
and hyperpolarize the membrane. Barbiturates, ben- 
zodiazepines, and, possibly, volatile anesthetics 
enhance the actions of GABA and inhibitory post- 
synaptic potentials by increasing Cl” conductance. 
(9-12). 

Recently, Matsumura et al. (13) demonstrated that 
antagonism of CI” transport with L-644,711 increases 
the minimum alveolar anesthetic concentration 
(MAC) of isoflurane in rats. L-644,711 inhibits Cl7/ 
HCO, exchange and glutamate uptake; however, its 
effect on GABA,-related Cl” channels is unknown 
(14). To examine further the effects of Cl” transport 
blockade on MAC, we administered intracisternal 
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fluid (n = 6), 1.0 uM DIDS (n = 8), or 1 mM DIDS 
(n = 8) at a rate of 2 l/min for 30 min. Mock 
cerebrospinal fluid did not change the MAC of 
halothane. The MAC of halothane increased signifi- 
cantly (P < 0.001) from 0.96% + 0.02% to 1.11% + 
0.03% (mean value + sem) with 1 uM DIDS and from 
0.94% + 0.02% to 1.16% + 0.04% with 1 mM DIDS. 
The increases in MAC with 1 uM and 1 mM DIDS 
were not statistically different. This suggests that 
C1-/HCO,” exchange inhibition increases halothane 
requirements, whereas GABA, -related Cl” channel 
blockade does not. 

(Anesth Analg 1992;75:103-6) 


4,4'-diisothiocyano-2,2’-disulfonic acid stilbene 
(DIDS) to halothane-anesthetized rats. In concentra- _ 
tions >1 uM, DIDS inhibits Cl"/HCO,~ exchange, 
whereas in concentrations >0.1 mM, DIDS antago- 
nizes the GABA,-associated Cl” channel (15-21). If 
volatile anesthetics are mediated by GABA-related 
increases in synaptic inhibition, we hypothesized 
that CI” channel blockade resulting from high-dose 
DIDS would result in an increase in MAC. On the 
other hand, if Cl-/HCO,~ exchange affects anesthe- 
sia, then lower as well as higher concentrations of 
DIDS should increase MAC. 


Methods 


This study was approved by the University of Vir- 
ginia Animal Research Committee. Twenty-two 
Sprague-Dawley rats weighing 260-340 g were anes- 
thetized in a plastic chamber with halothane and O}. 
A 14-gauge catheter was inserted into the trachea by 
means of a tracheostomy and was attached to a 
Mapleson D circuit, allowing spontaneous ventila- 
tion. The right femoral artery was cannulated to 
monitor arterial blood pressure and heart rate by a 
pressure transducer and Hewlett-Packard recorder 
and to allow blood gas analysis. The rats were placed 
in a stereotactic head frame with ear pins and posi- 
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tioned on a plastic support heated by a thermostatic 
water bath designed to maintain the rats at normo- 
thermia. A 24-gauge Teflon catheter was inserted 
through the atlanto-occipital membrane and into the 
cisterna magna, allowing infusion of cerebrospinal 
fluid (CSF). 

A CSF perfusion system infused mock CSF with 
and without DIDS through the 24-gauge catheter and 
into the cisterna magna. The system consisted of a 
syringe pump and heat exchanger designed so that 
the perfusate was brought to 37°C before it passed 
into the cisterna magna. Mock CSF solution was 
made as a sterile solution of electrolytes with the 
following concentrations (mM): 143 Na‘, 3.6 K*, 
1.53 Ca**, 1.20 Mg**, 126 Cl”, 0.13 H,PO,, and 
22.6 HCO;” and glucose (10 mM). Mock CSF was 
bubbled with 95% O.-5% CO, and titrated to pH 7.34 
with HCI at 37°C; DIDS at concentrations of 1 uM or 
1 mM was added to the mock CSF. 

The rats were divided into three groups. In six 
rats, control MAC was determined, followed by in- 
fusion of mock CSF at a rate of 2 uL/min. Thirty 
minutes later, MAC was again determined. The same 
procedure was repeated before and after infusion of 
mock CSF containing 1 uM DIDS (n = 8) and 1 mM 
DIDS (n = 8). The halothane concentration was 
measured by infrared analysis (Beckman LB2) sam- 
pled from the midpoint of the endotracheal tube. The 
MAC was determined by measuring end-tidal 
halothane concentration at the time of application of 
a rubber-shod tubing clamp to the base of the tail. A 
positive response was movement of a leg or foot. The 
concentration of halothane was varied 0.1%, allowing 
10 min between changes to ensure steady-state con- 
ditions. The highest concentration at which the rat 
responded was averaged with the lowest concentra- 
tion at which the rat did not respond for the value of 
the MAC. Statistical analysis was by repeated mea- 
sures analysis of variance (ANOVA), followed by 
Neuman Keuls test (SYSTAT). Data are presented as 
mean values + SEM. 


Results 


The control MAC of halothane for the 22 rats before 
CSF infusion was 0.95% + 0.03% and was not statis- 
tically different among the three groups. The MAC of 
halothane did not change in the six rats infused with 
mock CSF (Figure 1). Infusion of 1 uM DIDS signifi- 
cantly (P < 0.001) increased the MAC of halothane 
from 0.96% + 0.02% to 1.11% + 0.03%. Similarly, 
infusion of 1 mM DIDS significantly (P < 0.001) 
increased the MAC of halothane from 0.94% + 0.02% 
to 1.16% + 0.04%. There was no significant difference 
in MAC between groups receiving infusion of 1 uM 
and 1 mM DIDS. 
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Figure 1. Minimum alveolar anesthetic concentration (MAC) of 
halothane with and without DIDS (mean value + sem). *Signifi- 
cantly (P < 0.001) different from control, but not from each other. 
MOCK, mock cerebrospinal fluid. 


Blood gas analysis before CSF infusion revealed a 
Pao,, Pacoz, and pHa of 311 + 9mm Hg, 42 +3 mm 
Hg, and 7.37 + 0.02, respectively. Mean arterial 
blood pressure and heart rate were 82 + 4 mm Hg 
and 342 + 15 beats/min, respectively. The tempera- 
ture was maintained at 37.3 + 0.1°C. There was no 
difference among the three groups with regard to 
these variables. 


Discussion 


Halothane, isoflurane, and enflurane all augment 
GABA-induced ionic currents in vitro. This suggests 
that their action is in part related to GABA inhibition 
(1-7). Benzodiazepines and barbiturates decrease the 
MAC of volatile anesthetics, probably by increased 
GABA, -related Cl” conductance (9-12). Conversely, 
antagonism of the benzodiazepine/barbiturate/ 
GABA,/CIl” channel complex has demonstrated 
mixed results. In vitro blockade of Cl” channel acti- 
vation with bicuculline inhibits synaptic transmission 
(8). Similarly, in vitro administration of DIDS in 
concentrations >0.1 mM reverses the effects of ben- 
zodiazepines (21). Recent in vivo studies (22-24) with 
intravenous flumazenil, a benzodiazepine antago- 
nist, have indicated unchanged or decreased MAC of 
volatile anesthetics. Matsumura et al. (13) recently 
demonstrated that intracisternal infusion of L-644,711 
increases the MAC of isoflurane in rats. L-644,711 
inhibits C) /HCO, exchange and glutamate uptake, 
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but its effects on the GABA, -related Cl” channels are 
unknown. Further, it is not clear whether L-644,711 
inhibits ClI"/HCO, exchange or glutamate uptake, 
or both, in these experiments. Thus, conclusions 
concerning the mechanisms of action of volatile an- 
esthetics and their relationship to GABA,-related CI- 
conductance and Cl-/HCO,~ exchange have been 
inconclusive. We postulated that if volatile anesthetic 
actions involved GABA, then only high-dose DIDS, 
which inhibits GABA,-related Cl” conductance, 
would increase MAC. Conversely, if C1 /HCO, ex- 
change affects anesthesia, then both low and high 
doses of DIDS should increase MAC. 

Disulfonic stilbene derivatives, DIDS and 4- 
acetamido-4'-isothiocyano-2,2'-disulfonic acid stil- 
bene (SITS), block two types of anion transport across 
cell membranes. Voltage- or ligand-gated channels 
can open or close and contribute to membrane con- 
ductance, whereas exchange (i.e., Cl-/HCO;” ex- 
change) is not gated, nor is it electrogenic. DIDS 
inhibits anion exchange with a K; (concentration that 
produces 50% inhibition) of 1.2-2 uM; the K; for SITS 
is higher at 25 uM (15,16). The inhibition of anion 
channels appears to occur at higher concentrations. 
SITS depresses GABA-induced depolarization in cat 
dorsal root ganglia at 200 uM, achieving approxi- 
mately 50% inhibition at 1 mM (17), indicating a 
much higher K;. GABA-dependent Cl” uptake into 
mouse brain membranes is not affected by SITS until 
30 uM (18). Chlorine ion-dependent glutamate up- 
take by brain membranes is depressed by higher 
concentrations of SITS and DIDS (19,20). GABA- 
dependent benzodiazepine binding to rat brain ho- 
mogenate is also inhibited by higher concentrations 
of DIDS (21). 

It is not known whether the protein binding do- 
mains for inhibitors are the same for anion channels 
and exchangers or whether the kinetics are the same 
or if they differ among cell types. No studies have 
shown significant inhibition of channel activity at 
1 uM concentration but have for Cl>/HCO;” ex- 
change. Therefore, it is most likely that the increased 
MAC for halothane at 1 aM DIDS is due to blocking 
Cl-/HCO,” exchange, not Cl” channel-related 
events. If DIDS inhibits GABA,-related Cl” channels 
or other anion channel-related activity, it should be 
fully evident at 1 mM, yet we saw no significant 
increase in MAC above the 1 uM concentration. This 
evidence suggests that DIDS inhibition of GABA,- 
related Cl” channels was not responsible for the 
increased MAC of halothane, because the effects of 
Cl-/HCO,” exchange inhibition were fully evident 
at 1 uM, and no further increase occurred at a 
1000-fold higher concentration. 

The CI /HCO, exchange has a role in the cellular 
maintenance of pH and volume. It is possible that the 
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inhibition of exchange could affect MAC through 
these general mechanisms. It is also possible that 
Cl-/HCO,” exchange inhibition could indirectly af- 
fect den related Cl” movement as a pathway in 
the overall movement of Cl”. In other words, CI- 
that entered the cell through a channel may need to 
leave through an exchanger. 

We attempted to maximize brain concentration 
and minimize systemic effects by administering DIDS 
intracisternally. Although we cannot document cen- 
tral nervous system concentrations of DIDS, intracis- 
ternally injected blue dye produces diffuse staining 
(25). It is unlikely that DIDS increases MAC by 
generalized stimulant effects or catecholamine re- 
lease, because intracisternal DIDS does not produce 
hemodynamic changes (25). In this study, DIDS 
increased the MAC of halothane by 16%-23%, 
whereas Matsumura et al. (13) showed a 63% increase 
in isoflurane MAC with L-644,711. Both DIDS and 
L-644,711 produced significant effects on anesthetic 
requirement in similar rat models. It is not known 
whether the difference in anesthetics (halothane ver- 
sus isoflurane), the potency of the inhibitors, or the 
significant systemic effects of L-644,711 could account 
for the difference. Nevertheless, both studies demon- 
strate that antagonism of Cl” transport affects anes- 
thetic requirements. Our study indicates that this is 
probably secondary to CI /HCO,~ exchange inhibi- 
tion. 

In conclusion, halothane anesthetic requirements 
were significantly increased in rats given intracister- 
nal DIDS. This supports previous evidence that vol- 
atile anesthetic actions may in part be mediated by 
Cl” transport. The mechanism for the MAC increase, 
however, appears to be the inhibition of the CI/ 
HCO, exchange rather than the blockade of 
GABA -related Cl” channels. 


References 


1. Nakahiro M, Yeh JZ, Brunner E, Narahashi T. General anes- 
thetics modulate GABA receptor channel complex in rat dorsal 
root ganglion neurons, FASEB J 1989;3:1850—4. 

2. Nicoll RA. The effects of anaesthetics on synaptic activation 
and inhibition in olfactory bulb. J Physiol (Lond) 1972;223:803- 
14. 

3. Scholfield CN. Potentiation of inhibition by general anaesthet- 
ics in neurones of the olfactory cortex in vitro. Pfluegers Arch 
1980;383:249-55. 

4. Lodge D, Anis NA. Effects of ketamine and three other 
anaesthetics on spinal reflexes and inhibitions in the cat. Br J 
Anaesth 1984;56:1143-51. 

. Gage PW, Robertson B. Prolongation of inhibitory postsynap- 
tic currents by pentobarbitone, halothane and ketamine in CAI 
pyramidai cells in rat hippocampus. Br J Pharmacol 1985;85: 
675-81. 

6. Lalley PM. Inhibition of depressor cardiovascular reflexes by a 
derivative of y-aminobutyric (GABA) and by general anesthet- 
ics with suspected GABA-mimetic effects. ] Pharmacol Exp 
Ther 1980;215:418~25. 


st 


106 RICH ET AL. 


10. 


IL 


13. 


14. 


15. 


16. 


CHLORIDE TRANSPORT AND HALOTHANE MAC 


. Keane PE, Biziere K. The effects of general anesthetics on, 


GABAergic synaptic transmission. Life Sci 1987;41:1437-48. 


. Bormann J. Electrophysiology of GABA, and GABAg receptor’ 


subtypes. Trend Neurosci 1988;11:112-6. 


. Barker JL, Ransom BR. Pentobarbitone pharmacology of mam-' 


malian central neurones grown in tissue culture. J Physiol, 
(Lond) 1978;280:355-72. 

Melvin MA, Brynte HJ, Quesha AL, Eger EL. Induction of 
anesthesia with midazolam decreases halothane MAC in hu- 
mans. Anesthesiology 1982;57:238-41. 

Brown DA, Constanti A. Interaction of pentobarbitone and 
yaminobutyric acid on mammalian sympathetic ganglion | 
cells. Br J P acol 1978;63:217—24. 


. MacDonald RL, Barker JL. Enhancement of GABA-mediated | 


postsynaptic inhibition in cultured mammalian spinal cord | 
neurons: a common mode of anticonvulsant action. Brain Res 
1979;167:323-36. 


Matsumura JS, Cole Dj, Schjell RM, Wong MH. L-644,711, a 


novel anion transport inhibitor, increases isoflurane MAC in 
rats. Anesth Analg 1991;73:199-203. 


Kimelberg HK, Rose JW, Barron DK, Waniewski RA, Cragoe . 


EJ. Astrocytic swelling in traumatic-hypoxic brain injury. Mol 
Chem Neuropathol 1989;11:1-31. 

Cabantchik ZI, Knauf PA, Rothstein A. The axion transport , 
system of the red blood cell. The role of membrane protein | 


evaluated by the use of “probes.” Biochem Biophys Acta | 


1978;515:239-.303. 
Eidelman O, Yanai P, Englert HC, Lang HG, Greger R, 


Cabantchik ZI. Macromolecular conjugates of transport inhib- ; 


itors: new tools for probing to phy of anion transport 
proteins. Am J Physiol 1991;260:C1094-103. 


17. 


18. 


19. 


al. 


24. 


ANESTH ANALG 
1992;75:103-6 


Gallagher JP, Nakamura J, Shinnick-Gallagher P. The effects of 
temperature, pH and Cl” pump inhibitors on GABA responses 
recorded from cat dorsal root ganglia. Brain Res 1983;267:249- 
59, 

Allan AM, Harris RA. yAminobutyric acid agonists and an- 
tagonists after chloride flux across brain membranes. Mol 
Pharmacol 1986;29:497-505. 

Waniewski RS, Martin DL. Selective inhibition of glial versus 
neuronal uptake of t-glutamine acid by SITS. Brain Res 1983; 
268:390-4. 


. Recasens M, Pin JP, Bockaert J. Chloride transport blockers 


inhibit the chloride-dependent glutamate binding to rat mem- 
branes. Neurosci Lett 1987;74:211~6. 

Costa T, Russell L. Pert CB, Rodbard D. Halide- and »ami- 
nobutyric acid-induced enhancement of diazepam receptors in 
rat brain. Mol Pharmaco 1981;20:470-6. 


. Schwartz AE, Maneksha FR, Kanchuger MS, Sidhu US, Pop- 


pers JP. Flumazenil decreases the minimum alveolar concen- 
tration of isoflurane in dogs. Anesthesiology 1989;70:764-6. 


. Schwieger IM, Szlam F, Hug CC. Absence of agonistic or 


antagonistic effect of flumazenil (Ro 15-1788) in dogs anesthe- 
tized with enflurance, isoflurance, or fentanyl-enflurane. An- 
esthesiology 1989;70:477-80. 

Greiner AS, Larach DR. The effect of benzodiazepine receptor 
antagonism by flumazenil on the MAC of halothane in the rat. 
Anesthesiology 1989;70:644-8. 


. Adams JM, Johnson NL. Intracisternal DIDS enhances venti- 


latory response to rebreathing CO, in rats. J Appl Physiol 
1988;65:1611-6. 


Isoflurane Anesthesia Prevents Unconscious Learning 


R. Dwyer, FFARCSI, H. L. Bennett, PhD, E. I. Eger I, Mp, and N. Peterson, Bs 


Departments of Anesthesiology, University of California, School of Medicine, San Francisco and Davis, California and 
Department of Anaesthesia, Beaumont Hospital, Dublin, Ireland 





We investigated whether 20.6 minimum alveolar 
concentration (MAC) of isoflurane suppresses learn- 
ing of information presented verbally. Preopera- 
tively, we asked 45 healthy patients (aged 23-58 yr) 
undergoing elective surgery 15 general knowledge 
questions designed to arouse their curiosity. They 
were told that they would be given the answers 
during anesthesia. Anesthesia was induced with iso- 
flurane and nitrous oxide (25 subjects also received 
1.1 + 0.6 mg/kg of propofol). The trachea was intu- 
bated with the aid of vecuronium (0.07 mg/kg IV). 
Isoflurane in oxygen was given to provide 0.6 MAC 
before and 1.0 and 1.4 MAC during surgery. After 
10 min at each of two of the three MAC levels, the 
answers were given to five of the questions. At the 
remaining concentration, patients received a message 
to either touch an ear (n = 30) or keep their arms still 
(n = 15) during the postoperative interview. Twenty- 
four hours later, patients were asked whether they 


recalled intraoperative events. They were then asked 
to answer the 15 questions, choosing from five pos- 
sible answers to each, one of which was correct. The 
number of times each patient touched an ear during 
this interview was noted. No patient consciously 
recalled events during anesthesia. The number of 
questions answered correctly postoperatively did not 
differ according to whether the answers had been 
provided during anesthesia (at any isoflurane con- 
centration) or had not been provided (control ques- 
tions). The number of ear-touches postoperatively 
did not differ between those who had and had not 
received the intraoperative message encouraging ear- 
touching. Our results suggest that isoflurane concen- 
trations of 20.6 MAC prevent conscious recall and 
unconscious learning of factual information and be- 
havioral suggestions. 

(Anesth Analg 1992;75:107-12) 





onscious recall of events during anesthesia, 

although rare (1,2), may be extremely unpleas- 

ant (3,4) but is prevented by relatively small 
concentrations of volatile anesthetics (5-9). There is, 
however, considerable evidence that patients may 
retain or “learn” information communicated during 
anesthesia without conscious recall of having re- 
ceived such information (10-18); but other method- 
ologically similar studies have failed to demonstrate 
learning during anesthesia (19-24). 

Many studies demonstrating learning without con- 
scious recall have not controlled the depth of anes- 
thesia (as defined by end-tidal anesthetic concentra- 
tion), and we do not know whether anesthesia was 
adequate at the times that learning occurred. Al- 
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though increased concentrations of anesthetics de- 
crease awareness (5-8), the effect of anesthetic dose 
or “depth of anesthesia” on unconscious learning is 
unclear, and it has been suggested that intraoperative 
unconscious learning may occur independently of 
anesthetic depth (18). Similarly, many of the studies 
demonstrating learning during anesthesia did not use 
a standardized anesthetic technique. The effect of 
different anesthetic agents on unconscious learning is 
unknown, and differences in results among various 
studies and subjects could be explained by differ- 
ences in anesthetic doses and agents. 

Recent work on memory has differentiated be- 
tween explicit and implicit memory and shown that 
information requiring implicit (unconscious) rather 
than explicit (conscious) memory is more readily 
retained in amnesic states (25,26). Most studies show- 
ing learning during anesthesia used tests of implicit 
memory, suggesting that implicit learning may occur 
during anesthesia despite the abolition of explicit 
memory (27). 

To determine whether intraoperative learning oc- 
curs during adequate isoflurane anesthesia and 
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whether increasing concentrations of isoflurane de- 
crease intraoperative learning, we measured intraop- 


erative learning of factual information and assessed 
the effect of intraoperative suggestion on postopera- 
tive behavior in patients undergoing elective surgery.. 
We used tests of implicit memory to examine the 


effect of learned information on later behavior and 


performance without requiring conscious ca of the’ 
learned material. 


Methods 


We studied 45 healthy subjects, aged 23-58 yr, sched- 


uled for elective surgery that permitted participation’ 
in an interview on the first postoperative day. All 


gave informed consent, and the study was approved 


by our institutional Committee on Human Research. 
Patients were interviewed 1 day before surgery, 


according to a standardized format. The background 


and aims of the study were presented in order to 
prepare the patients for the verbal material to be 
presented during anesthesia and to motivate them to 
“learn” as much as possible of the material. Each 
patient was asked 15 general knowledge questions 


that were designed to be interesting but so obscure | 
that the answers were unlikely to be known (e.g,, , 
“which U.S. state has a leash law for elephants?”). | 
Answers to the questions were noted. Patients were 
told that the answers would be presented during | 
anesthesia and were asked to remember the answers. ' 
In addition, each was told that he or she would hear | 


a research message, the nature of which was unspec- 


ified, that should be remembered. The number of ` 


times each subject touched either ear during the 
interview was noted without mentioning this obser- 
vation to the subject. 

Patients were given no premedication before trans- 
fer to the operating room. Anesthesia was induced by 
inhalation of isoflurane in N,O and O, supple- 


mented if necessary for smooth induction by a small | 


dose of propofol (1.1 + 0.6 mg/kg) (mean dose + sp) 
(n = 25). Endotracheal intubation was facilitated 
by administration of vecuronium (0.07 mg/kg IV). 


Positive-pressure ventilation was adjusted to main- . 
tain normocarbia. Nitrous oxide was eliminated by . 


fresh gas inflows of 5 L/min, and anesthesia was 


provided by isoflurane alone, the inspired concentra- » 
tion adjusted to maintain the end-tidal concentration | 


at 0.6 MAC (adjusted for age). When the patient was 
positioned for surgery, a set of headphones that 


excluded room noise was placed over the patient’s ' 


ears, and a tape of the sound of a running stream was 


played through the headphones, except during pre- ` 
sentation of information. After a minimum of 15 min | 
without N,O and 10 min at 0.6 MAC end-tidal © 
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isoflurane concentration, patients heard taped mes- 
sages (see later) through the headphones. 

The inspired isoflurane concentration was in- 
creased and surgery began. During surgery, patients 
heard additional messages after equilibration for 
10 min each at end-tidal isoflurane concentrations of 
1.0 and 1.4 MAC (order randomized). At two of the 
three end-tidal isoflurane concentrations (randomly 
selected), the messages consisted of answers to five 
of the general knowledge questions, with both the 
questions and answers repeated three times. At the 
remaining end-tidal concentration, patients were told 
either to touch an ear during the postoperative inter- 
view (n = 30, equally distributed to the three end- 
tidal isoflurane concentrations) or to keep their arms 
still during the interview (n = 15). Both behavioral 
messages added that recovery would be rapid and 
comfortable. The taped messages were monitored to 
ensure full delivery of all information to the patient. 
Messages were played at a normal listening volume, 
as judged by the researcher. 

After completion of presentation of all messages, 
the clinician supplemented anesthesia with N,O or 
narcotics, or both, as clinically indicated. Postopera- 
tive analgesia was provided by either parenteral or 
epidural narcotics, according to the usual protocols of 
our institution. 

On the day after surgery, all patients were asked 
whether they had any conscious memory of surgery 
or intraoperative messages. Patients were shown the 
15 preoperative questions (in a written, multiple- 
choice format, with five possible answers to each 
question) and were asked to mark the answer they 
thought correct. The number of times patients 
touched an ear during the interview was noted by a 
second observer unaware of which behavioral mes- 
sage had been presented during anesthesia. 

To demonstrate that this material was easily 
learned and retained despite anesthesia and surgery, 
we analyzed the results from a control group of 24 
additional patients who were interviewed on the day 
before surgery with the same format used in the 
study group. The control subjects received the an- 
swers to 10 questions before rather than during 
anesthesia. On the day after surgery, they were 
asked to choose the correct answers (multiple-choice 
format) to each of the 15 questions. 

The number of correct answers was compared 
between answers presented at each dose of isoflurane 
and control answers that had not been presented 
using a paired t-test. The Mann-Whitney U-test was 
used to compare the number of ear-touches during 
the postoperative interview between patients who 
did versus those who did not receive an intraopera- 
tive message to touch an ear. A P value of <0.05 was 
considered statistically significant. 
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Table 1. Clinical Characteristics and Duration of 
Anesthesia in the Control and Study Groups 








Control group Study group 
(n = 24) (n = 45) 
Age (yr) 40 + 10 39-49 
Weight (kg) 732415 744 14 
Male/female (n) 10/14 19/26 
Duration of anesthesia (min) 190 + 60 204 + 110 





Values are mean = $D. 


Table 2. Learning in the Control and Study Groups 


Control group Study group 
(n = 24) (n = 45) 
Presented answers 97.9% + 4.1% 22.2% + 15.5% 
Nonpresented answers 14.2% + 19.1% 22.2% + 19.6% 


Numbers given are percent of answers correct (mean values + $D). 


Results 


Patient age and weight and the duration of anesthesia 
did not differ significantly between study and control 
patients (Table 1). No patient consciously recalled 
intraoperative events. 

Control subjects remembered almost all of the 
answers provided preoperatively. The percent correct 
of the 10 answers presented preoperatively greatly 
exceeded correct answers to the 5 control questions 
(i.e., nonpresented answers) (Table 2). 

The percent of questions answered correctly pre- 
operatively by the study subjects (without benefit of 
five multiple-choice answers to choose from) was 
7.7% + 5.3% (mean value + sp). These questions 
were included in further analyses. The percent of 
answers correct postoperatively did not differ signif- 
icantly between answers presented during anesthesia 
and control (nonpresented) answers (Table 2, Figure 
1). The anesthetic concentration at which answers 
were presented did not influence the number of 
correct answers during the postoperative interview 
(Figure 1). Numbers of answers correct followed 
similar distributions for answers presented at each 
anesthetic concentration and for control questions 
(nonpresented answers); i.e., there were no outliers 
to suggest an idiosyncratic level of learning in certain 
individuals. 

Six patients were interviewed without a second 
observer to count ear-touching. Although ear- 
touches were counted in these patients, they were 
excluded from analysis of the ear-touching response 
to ensure reliability of this measurement. Of the 
remaining 39 patients, 44% receiving an intraopera- 
tive ear-touching message touched their ear during 
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Figure 1. The percent of answers correct after anesthesia did not 
differ between answers presented at any of the three concentra- 
tions of isoflurane and control group answers that had not been 
presented (mean values + sp). MAC, minimum alveolar anesthetic 
concentration. 


Table 3. Effect of a Behavioral Message During Anesthesia 





Study group 
(ear-touching message) Control group 
Ear-touching (n = 25) (n = 14) 
Preoperative 0 (0-0) 0 (0-1) 
Postoperative 0 (0-1) 0 (0-4) 
Increased 32% 36% 
Decreased 8% 21% 


An ear-touching message during anesthesia did not alter the number of 
ear-touches that occurred during the postoperative interview (median, 
quartiles) or the percent of patients in whom ear-touching increased or 
decreased between the pre- and postoperative interviews. 


the interview, compared with 43% of the control 
group. The number of times an ear was touched 
during the pre- and postoperative interviews did not 
differ between patients who received an intraopera- 
tive ear-touching message and control patients (Table 
3). Similarly, an increase in ear-touching from the 
pre- to postoperative interview was noted in 32% of 
the study group and in 36% of the control group. 
Comparison of postoperative ear-touching between 
patients who received the ear-touching message at 
the lowest end-tidal isoflurane concentration 
(0.6 MAC) and control patients revealed no effect of 
the message on ear-touching behavior. Inclusion of 
ear-touching data from the six patients in whom it 
was counted by the interviewer made no difference to 
these findings. 


Discussion 


We found no evidence of unconscious learning of 
factual information during isoflurane anesthesia at 
doses typical of those used in clinical practice despite 
choosing a task that has previously been used to 
demonstrate unconscious learning during anesthesia 
(13). Isoflurane at end-tidal concentrations of 
20.6 MAC prevented either retention in memory or 
later retrieval of this type of information. 
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Although some studies have shown that intraop- 
erative suggestion can elicit a particular motor behav- 
ior (12,14), this has not been a universal finding (24). 
Our data suggest that concentrations of =0.6 MAC 
isoflurane abolish the ability of intraoperative sugges- 
tion to cause a specific postoperative behavior (ear- 
touching). It should be noted that information was 
presented at 0.6 MAC isoflurane in the absence of 
surgical stimulation, and it is possible that the arous- 
ing effect of surgical stimulation might increase the 
anesthetic concentration required to prevent learn- 
ing. 

Two factors in our protocol may have confounded. 
our results. We gave propofol for induction of anes- 
thesia to 56% of our patients. This may have affected 
retention of material presented at 0.6 MAC, which we 
tested first; however, we believe any such effect was 
small because we began presentation of auditory 
information at least 20 min after propofol administra- 
tion and because the dose of propofol was small 
(about half of that commonly used for induction of 
anesthesia). Our belief is strengthened by the ab- 
sence of a significant difference in the percent of 


answers correct after presentation at 0.6 MAC be-. 


tween patients given propofol (22.5% + 21.8%, n = 
16) and patients not given propofol (27.1% + 26.7%, 
n = 14) (mean values + sp). 

Similarly, NO was used for induction of anesthe- 


sia in all patients, and its residual effects may have: 


potentiated the depressant effects of isoflurane on 
learning; however, we discontinued administration 
of N,O for a minimum of 15 min before the presen- 
tation of information. At the time of presentation of 
information, the end-tidal concentration of N,O was 
<5% in all patients and usually much lower, with a 
mean (+sp) end-tidal N,O concentration of 2.4% + 
0.6%. Ten minutes before presentation of informa- 
tion, the mean end-tidal concentration of N,O was 
8.3% + 3.5%, indicating that low levels had been 
present for a period sufficient to have eliminated 
most of the N,O from the brain. 


Many previous studies that demonstrated intraop-_ 


erative learning used NO as a component of anes- 
thesia (10~-12,15-17). Nitrous oxide alone does not 


reliably prevent conscious awareness during anesthe- . 


sia (7,8,28,29). In addition, tolerance to its effects may 


develop (30-32). Nitrous oxide has some characteris- . 
tics of a central nervous system stimulant (33-35). It, 


fails to supplement isoflurane-induced depression of 


cerebral metabolic rate (36) and may antagonize the . 


electroencephalographic effects of volatile agents 


(37). Perhaps NO also has the capacity to antagonize - 


the ability of potent volatile agents to impair learning. 
It has an additive effect with the volatile agents 


in preventing movement in response to surgical inci-, 


ee 


ANESTH ANALG 
1992;75:107-12 


sion (38); however, this may not translate to additiv- 
ity for suppression of learning during anesthesia. We 
maintained anesthesia with only isoflurane, without 
relying on N,O—perhaps this explains the difference 
in our results from other investigators who used 
N,O. 

several other reasons may explain the difference 
between our results and those of previous investiga- 
tors. Most previous studies did not measure and 
control the end-tidal concentrations of inhaled anes- 
thetics. Thus, subjects in previous studies may have 
experienced learning because of inadequate doses of 


- anesthetic agents. 


Our study was designed to optimize conditions for 
revealing implicit learning: (a) questions were chosen 
because they were likely to arouse the patients’ 
interest; (b) patients were asked questions preopera- 
tively to prime them to “hear” the answers intraop- 
eratively; (c) benzodiazepines were not administered 
perioperatively; and (d) patients were provided with 
a list of five possible answers (one of which was 
correct) to prompt memory. The results from the 
control subjects who were given the answers before 
surgery while still conscious showed almost complete 
learning of the material presented before anesthesia, 
demonstrating that this material was easily learned 
and retained despite subsequent anesthesia and sur- 
gery. Nevertheless, the learning task used in our 
study required some cognitive processing before re- 
tention in memory. Two recent studies (18,39) that 
demonstrated learning during adequate anesthesia 
(as indicated by end-tidal concentrations) used tests 
of implicit memory (word association, word comple- 
tion, and word preference) that required less cogni- 
tive processing than the task used in our study. Thus, 
isoflurane may prevent learning that requires some 
cognitive processing, as in our study, but may permit 
learning of single words after multiple repetitions, 
which probably requires minimal cognitive process- 
ing. However, this does not explain the difference 
between the study of Block et al. (18) and ours as to 
the effect of an intraoperative behavioral message on 
postoperative motor behavior. 

Block et al. (18) found a positive correlation be- 
tween the number of repetitions of nonsense words 
and a later preference for and recognition of these 
words, suggesting that frequent repetition of infor- 
mation during anesthesia may increase implicit learn- 
ing during anesthesia. It is possible that more repe- 
tition of the material presented in our study would 
have allowed statistically significant learning to oc- 
cur. However, if learning occurs during isoflurane 
anesthesia only when the information has minimal 
factual content and requires multiple repetition, this 
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suggests that the phenomenon may have little clinical 
significance. 

Our results are consistent with the possibility that 
a few, but not all, of our subjects learned during 
anesthesia. A few such “sensitive” subjects would 
suggest the possibility of a bimodal distribution of 
correct answers, but this was not found; however, 
one patient identified 7 of 10 correct answers for 
questions answered during anesthesia and 0 of 5 for 
control questions (P < 0.06, Fisher’s two-tailed exact 
test). Although this may have occurred by chance, it 
raises the question of whether patients differ in their 
capacity to learn during anesthesia and whether a 
few particularly “sensitive” patients are responsible 
for some isolated reports of awareness during anes- 
thesia. If learning does occur, its demonstration will 
require either a more sensitive task or testing of 
greater numbers of subjects. Additionally, if learning 
does occur during isoflurane anesthesia, it may be 
attributed to the effect of a small number of subjects 
in the group who learned rather than an effect that 
was distributed throughout all of the subjects in the 
group. 

In conclusion, we have shown that isoflurane 
concentrations of 20.6 MAC prevented learning of 
both factual information and a behavioral suggestion 
(ear-touching) presented during anesthesia. 


We acknowledge the editorial assistance of Winifred von Ehren- 
burg in preparation of this manuscript. 
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Now for heart rate control during atrial fibrillation and flutter 





Cardizem Injectable is indicated for temporary control of rapid ventricular rate during atrial 
CIVAH495/A8113 fibrillation and flutter; rarely converts to normal sinus rhythm. paan 


Please the see brief summary of prescribing information on an adjacent page. 


24-HOUR 
CONTROL 





Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
act ; A defibrillator and emergency equipment should be readily available. 
IVAH495/A8113 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 





FAST 


æ 3-minute onset of action from first bolus injection’ 
wm 95% response rate within 2 to 7 minutes of administration’ 
æ 1- to 3-hour duration of action with bolus 


SAFE 


m 4.3% incidence of asymptomatic hypotension” 
m 3.2% incidence of symptomatic hypotension" 
m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing” 

w Little negative inotropic effect" 

















= Do not use in Af/Fl patients with WPW or short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 





CONTINUOUS CONTROL 


mi Heart rate control through infusion for up to 24 hours" 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; rarely converts to normal sinus rhythm. 


*“Occurs most often during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 








Please see the brief summary of prescribing information on an adjacent page. 6493E2 





CONVENIENT DOSAGE 





BOLUS: 0.25 mg/kg 
actual body weight 


over 2 minutes 


20 mg average patient 


BOLUS: 0.35 mg/kg 
actual body weight 


over 2 minutes 
25 mg average patient 


INFUSION: 
10* to 15 mg/hr 


*5 mg/hr may be appropriate 
starting infusion for some 
patients. 
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BRIEF SUMMARY 


CARDIZEM® Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary contro! of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 


. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patientis compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, itis generally short-lived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 


CARDIZEM Injectable is contraindicated in: 

. Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 

. Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 

. Patients with severe hypotension or cardiogenic shock. 

. Patients who have demonstrated hypersensitivity to the drug. 

. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 

. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 
As with other agents which slow AV nodal conduction and do not prolong 
the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 


7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. Itis important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


. Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zemin patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 


. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 


. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


5. Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
Clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
caution in patients with impaired renal or hepatic function (see WARNINGS). 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 
Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravencus diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


As with all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 


Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 


Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an altemative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/flutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 


Adverse events reported in controlled and uncontrolled clinical trials were gener- 
ally mild and transient. Hypotension was the most commonly reported adverse 
event during clinical trials. Asymptomatic hypotension occurred in 4.3% of 
patients. Symptomatic hypotension occurred in 3.2% of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 1% of the diltiazem-treated patients were injection site reac- 
tions (eg, itching, burning)—3.9%, vasodilation (flushing)— 1.7%, and 
arrhythmia (junctional rhythm or isorhythmic dissociation)— 1.0%. 

In addition, the following events were reported infrequently (less than 1%): 
Cardiovascular: Atrial flutter, AV block first degree, AV block second 
degree, bradycardia, chest pain, congestive heart 
failure, sinus pause, sinus node dysfunction, syncope, 
ventricular arrhythmia, ventricular fibrillation, ventric- 
ular tachycardia. 

Pruritus, sweating. 

Constipation, elevated SGOT or alkaline phosphatase, 
nausea, vomiting. 

Dizziness, paresthesia. 

Amblyopia, asthenia, dry mouth, dyspnea, edema, 
headache, hyperuricemia. 

Although not observed in clinical trials with CARDIZEM Injectable, other 
reactions associated with oral diltiazem may occur. 


Product information as of October 1991 


Dermatologic: 
Gastrointestinal: 


Nervous System: 
Other: 





References: 1. Cardizem Injectable prescribing information. 
2. Ellenbogen KA, Dias VC, Plumb VJ. Heywood JT, Mirvis 
DM. J Am Coll Cardiol. 1991;18:89 1-897 
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Now in benzodiazepine anesthesia 
Take Aim at 
Prompt Reversal 


Introducing from Roche... 





Awake and alert-—effective reversal 


of sedation 


New MAZICON (flumazenil/Roche) rapidly and specifically reverses 
sedation produced by any benzodiazepine 


Promptly restores patients to consciousness—often within 
minutes of reaching an effective dose 


Reverses benzodiazepine sedative effects only—not the 
effects of narcotics or other CNS agents 


Adverse effects 


The most common side effects in clinical trials were nausea 
and vomiting (11%), dizziness (10%), agitation (3-9%) and 


injection-site pain (3-9%) 
Specific 
Reversal of 
Benzodiazepine 
Sedation 














Seizures 


MAZICON is associated with seizures, 

most often in patients on benzodiazepines for long-term 
Sedation or who are showing signs of serious cyclic 
antidepressant overdose. Practitioners should individual- 
ize the dosage and be prepared to manage seizures. 





Worldwide experience 


Proven clinical experience in more than 50 countries 
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Please see following pages for complete product information. 
Copyright © 1992 by Hoffmann-La Roche Inc. All rights reserved. 






1-800-756-7654 
Call today for more information. 


0.1 mg/mL 
Uda 






0.1 mg/mL 
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flumazenil/Roche 


The reversal agent you’ve been waiting for 
See important safety information about resedation. 





Prompt Reversal of 
Benzodiazepine Sedation 


Dosing and Administration 


For reversal of benzodiazepine-induced general anesthesia 
or conscious sedation: 


Initial dose: 0.2 mg (2 mL) I.V. over 15 seconds 


wu» |f desired level of consciousness is not 
obtained after waiting an additional 45 seconds: 


Follow-up doses: 0.2 mg (2 mL) I.V. every 60 seconds 


"> Up to a maximum dose of 1.0 mg (10 mL) 
Management of resedation: 


Repeat treatment above 
Repeat treatment may be given no more often than every 20 minutes 
"> No more than 1 mg total dose should be given in any 5-minute interval 


w=» No more than 3 mg total dose should be given in any one hour 


Important safety information 


"> Contraindicated in hypersensitivity to benzodiazepines or MAZICON; in 
patients taking benzodiazepines for control of potentially life-threatening 
conditions; and in patients showing signs of serious cyclic antidepres- 
sant overdose 


«=» Patients should be monitored for resedation, respiratory depression or 
other residual effects of benzodiazepines 


w=» MAZICON does not diminish the need for prompt detection of hypoventila- 
tion and the ability to intervene effectively by establishing an airway and 
assisting ventilation 


w= MAZICON should not be the initial treatment for benzodiazepine-induced 
hypoventilation; the first step is assisted ventilation 


w= |n patients who are dependent on benzodiazepines, MAZICON may 
precipitate withdrawal syndromes 


_ New 
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Roche Laboratories The reversal agent you've been waiting for 
y a division of Hoffmann-La Roche Inc. See important safety information about resedation. 
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MAZICON™ 
(flumazenil/Roche} 


DESCRIPTION: MAZICON™ (flumazenil/Rocha) is a benzodiazepine receptor antagorist. Chemically, flumaze- 
nil is ethyl 8-fluero-5 6-dihydro-5-methy!-6-0x0-4H-imidazo/ 1 5-a}{1,4) benzodiazepine-3-carboxylate. 
Flurnazenil has an imidazobenzodiazepine structure, a calculated molecular weight of 303.3. 

Flumazenil is a white to off-white crystalline compound with an octanol:butfer partition coefficient of 14 to 1 at 
pH 7.4, itis insoluble in water but slightly soluble in acidic aqueous solutions. MAZICON is available as a 
sterile parenteral dosage form for intravenous administration. Each mL contains 0.1 ng of flumazenil com- 
pounded with 1.8 mg of methylparaben, 0.2 mg of propyiparaben, 0.9% sodium chloride, 0.01% edetate di- 
sodium, and 0.01% acetic acid; the pH is adjusted to approximately 4 with hydrochtoric acid and/or, if neces- 
sary, sodium hydroxide, 


CLINICAL PHARMACOLOGY: Flumazenil, an imidazobenzodiazepine derivative, antagonizes the actions of 
benzodiazepines on the central nervous system. Flumazenil competitively inhibits the activity at the benzodi- 
azenine recognition site on the GABA/benzadiazepine receptor complex. Flumazenil is a weak partial agonist 
in some animal models of activity, but has little or no agonist activity in man. 

Flumazenil does not antagonize the central nervous system effects of drugs affecting GABA-ergic neurons by 
means other than the benzodiazepine receptor (including ethanol. barbiturates, or general anesthetics) and 
does not reverse the effects of opioids. 

PHARMACODYNAMICS: Intravenous MAZICON has been shown to antagonize sedation. impairment of recall 
and psychomotor impairment produced by benzodiazepines in heaithy human volunteers. 

The duration and degree of reversal of benzodiazepine effects are related to the dose end plasma concentra- 
tions of flumazenit as shown in the following data from a study in normal volunteers. 


Magnitude and Duration of Reversal of Sedation as a Function of Flumazenil Dose” 
Flumazend doses of 0.2, 0.6 & 1.0 mg 
(biood level in ng/mL} 
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Minutes after Flumazent! Injection 
"Sedation produced by midazolam infusion at a rate of 0.06 - 0.20 mg/kg/hr in healt ty volunteers 


Generally, doses of approximately 0.1 to 0.2 mg (corresponding to peak plasma levels of 3 to 6 ng/mL) pro- 
duce partial antagonism, whereas higher doses of 0.4 to 1.0 mg (peak plasma levels of 12 to 28 ng/mL) usu- 
ally produce complete antagonism in patients who have received the usual sedating doses of benzodiazepines, 
The onset of reversal is usually evident within 1 to 2 minutes after the injection is completed. Eighty percent 
response will be reached within 3 minutes, wita the peak effect occurring at 6 to 10 minutes. The duration and 
degree of reversal are related to the plasma concentration of the sedating benzodiazepine as well as the dose 
of MAZICON given. 

in healthy volunteers, MAZICON did not alter intraocular pressure when given alone and reversed the decrease 
in intraocular pressure seen after administraticn of midazolam. 

PHARMACOKINETICS: After IV administration, plasma concentrations of flumazenil follow a two compart- 
ment open pharmacokinetic mode! with an initial distribution half-life of 7 to 15 minutes and a terminal haif-lite 
of 41 to 79 minutes. Peak concentrations of flumazenil are proportional to dose, with an apparent initial voj- 
ume of distribution of 0.5 L/kg. After redistribution the apparent voiume of distribution {Vee} ranges from 
0.77 to 1.60 L/kg. Protein binding is approximately 50% and the drug shows no preferential partitioning into 
red blood celis. 

Flumazenif is a highly extracted drug. Clearance of flumazenil occurs primarily by hepatic metabolism and is 
dependent on hepatic blood flow. in pharmacokinetic studies of normal volunteers, total clearance ranges 
trom 0.7 to 1.3 L/nr/kg, with less than 1% of the administered dose eliminated unchanged in the urine. The 
major metabolites of flumazenil identified in urne are the de-ethyiated free acid and its glucuronide conjugate. 
in preclinical studies there was no evidence of pharmacologic activity exhibited by the soi had free acid. 
Elimination of radiolabelled drug is essentially complete within 72 hours, with 90% to 95% of the radioactivity 
appearing in urine and 5% to 10% in the feces 


Pharmacokinetic Parameters Following a 5-minute infusion of a total of 1.0 mg of MAZICON Mean (Coefficient 
of variation, Range) 


Cmax g/mL) 24 (38%, 11-43) 
AUC (ng+hr/mL)} 15 (22%, 10-22} 
Vag (L/kg) 1 (24%, 0.8-1.6} 
Cl Lnr/kg} 1 (20%, 0.7-1.4} 
Half-life (min) 54 (21%, 41-79) 


The pharmacokinetics of flumazenil are not significantly affected by gender, age, renal failure (creatinine clear- 
ance <10 mL/min}, or hemodialysis beginning 1 hour after drug administration. Mean total clearance is de- 
creased to 40% to 60% of normal in patients with moderate fiver dysfunction and to 25% of normal in patients 
with severe liver dysfunction compared with age-matched healthy subjects. This results in a prolongation of 
the half-life trom 0.8 hours in healthy subjects to 1.3 hours in patients with moderate hepatic impairment and 
2.4 hours in severely impaired patients. Ingestion of food during an intravenous infusion of the drug results in 
a 0% increase in clearance, most likely due to the increased hepatic blood flow that accompanies a meal. 

The pharmacokinetic profile of flumazenil is unaltered in the presence of benzodiazepine agonists and the ki- 
netic profiles of those benzodiazepines are unaltered by flumazeni. 


CLINICAL TRIALS: MAZICON has been administered to reverse the effects of benzodiazepines in conscious 
sedation, general anesthesia, and the management of suspected benzodiazepine overdose. 

CONSCIOUS SEDATION: MAZICON was studied in four trials in 970 patients who received an average of 30 
mg diazepam or 10 mg midazolam for sedation (with or without a narcotic} in conjunction with both inpatient 
and outpatient diagnostic or surgical procedures. MAZICON was effective in reversing the sedating and psy- 
chomotor effects of the benzodiazepine, however, amnesia was less completely and less consistently re- 
versed. in these studies, MAZICON was administered as an initial dose of 0.4 mg 1.V. (two doses of 0.2 mg) 
with additional 0.2 mg doses as needed to achieve complete awakening, up to a maximum total dose of 1. 


mg. 
Seventy-eight percent of patients receiving flumazenil responded oy becoming completely alert. Of those pa- 
tients, approximately half responded to doses of 0.4 to 0.6 mg, while the other half responded to doses of 0.8 
to 1.0 mg. Adverse effects were infrequent in patients who received 1 mg of MAZICON or less, although injec- 
tion site pain, agitation and anxiety did occur. Reversal of sedation was not associated with any increase in the 
frequency of inadequate rig as or increase in narcotic demand in these studies. While most patients re- 
mained alert throughout the 3 hour post-procedure observation period, resedation was observed to occur in 
3% to 9% of the patients, and was most common in patients who had received high doses of benzodiazepine. 
See PRECAUTIONS. i i 

ENERAL ANESTHESIA: MAZICON was studied in four trials in 644 patients who received midazolam as an 
induction and/or maintenance agent in both balanced and inhalational anesthesia. Midazolam was generally 
administered in doses ranging from 5 to 80 mg, alone and/or in conjunction with muscle relaxants, nitrous ox- 
ide, regional or local anesthetics, narcotics and/or inhalational anesthetics. Flumazeni! was given as an initial 
dose of 0.2 mg IV, with additional 0.2 mg doses as needed to reach a complete response, up to a maximum 
totai dese of 1.0 mg. These doses were effective in reversing sedation and restoring psychomotor function, 
but did not completely restore memory as tested by picture recall. MAZICON was not as effective in the rever- 
sai of sedation in patients who had received multiple anesthetic agents in addition to benzodiazepines. 
Eighty-one percent of patients sedated with midazolam responded to flumazenil by becoming compietely alert 
or just slightly drowsy. Of those patients, 36% responded to doses of 0.4 to 0.6 mg, while 64% responded to 
doses of 0.8 to 1.0 mg. 
Resedation in patients who responded to MAZICON occurred in 19% to 15% of patients studied and was 
more commen with larger doses of midazolam (>20 mg), jong procedures (>60 minutes) and use of neuro- 
muscular rege be ie See PRECAUTIONS.) 
MANAGEMENT OF SUSPECTED BENZODIAZEPINE OVERDOSE: MAZICON was studied in two trials in 497 
patients who were presumed to have taken an overdose of a benzodiazepine, either alone or in combination 
with a variety of other agents. in these trials, 299 patients were proven to have taken 2 benzodiazepine as part 
of the overdose, and 80% of the 148 who received MAZICON responded by an improvement in level of con- 
sciousness. Of the patients who responded to flumazenil, 75% responded to a total dose of 1.0 to 3.0 mg. 
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Reversal of sedation was associated with an increased frequency of symptoms of CNS excitation. Of the pa- 
tients treated with flumazenil, 1% to 3% were treated for agitation or anxiety. Serious side effects were un- 
common, but six seizures were observed in 446 patients treated with flumazenil in these studies. Four of 
iis : igs) had ingested a large dose of cyclic antidepressants, which increased the risk of seizures. (See 


INDIVIDUALIZATION OF DOSAGE: GENERAL PRINCIPLES: The serious adverse effects of MAZICON are re- 
iated to the reversal of benzodiazepine effects. Using more than the minimally effective dose of MAZICON is 
tolerated by most patients but may complicate the management of patients who are physically dependent on 
benzodiazepines or patients whe are depending on benzodiazepines for therapeutic effect (such as suppres- 
sion of seizures in cyclic antidepressant overdose}. 

in high risk patients, it is important to administer the smallest amount of MAZICON that is effective. The t- 
minute walt between individual doses in the dose-titration recommended for general clinical populations may 
be too short for high risk patients. This is because it takes 6 to 10 minutes for ary single dose of flumazenil to 
reach full effects. Practitioners should slow the rate of administration of MAZICON administered to high risk 
patients as recommended below. 

ANESTHESIA AND CONSCIOUS SEDATION: MAZICON is well tolerated at the recommended doses in individ- 
uals who have no tolerance to (or dependence on: benzodiazepines. The recommended dosages and titration 
rates in anesthesia and conscious sedation (0.2 to 1.0 mg given at 0.2 mg/min) are well tolerated in patients 
receiving the drug for reversal of a single benzodiazepine exposure in most clinical settings (see Adverse 
Events}. The major risk will be resedation because the duration of effect of a long-acting (or large dose of a 
short-acting) benzodiazepine may exceed that of MAZICON. Resedation may be treated by giving a repeat 
dose at no jess than 20-minute intervals. For repeat treatment, no more than 1.0 mg e 0.2 mg/min doses) 
should be PA at any one time and no more than 3.0 mg should be given in any one hour. 

OVERDOSE PATIENTS: The risk of confusion, agitation, emotional lability and perceptual distortion with the 
doses recommended in patients with benzodiazepine overdose (3 to 5 mg administered as 0.5 mg/min} may 
be greater than that expected with lower doses and stower administration. The recommended doses repre- 
sent a compromise between a dasirable stow awakening and the need for prompt response and a persistent 
effect in the overdose situation. If circumstances permit, the physician may elect to use the 0.2 mg/minute 
titration rate to slowly awaken the patient over 5 to 10 minutes, which may help to reduce signs and symp- 
toms on emergence. 

MAZICON has no effect in cases where benzodiazepines are not responsible tor sedation. Once doses of 3 to 
5 mg have been reached without clinical response, additional MAZICON is likely to have no effect. 

PATIENTS TOLERANT TO BENZODIAZEPINES: MAZICON may cause benzodiazepine withdrawal symptoms 
in individuals who have been taking benzodiazepines long enough to have some degree of tolerance. Patients 
who had been taking benzodiazepines prior to entry into the MAZICON trials who were given flumazenil in 
ange over 1 mg experienced withdrawai-like events 2 to 5 times more frequently than patients who received 
less than 1 mg. 

In patients who may have tolerance to benzodiazepines, as indicated by clinical history or by the need for 
larger than usual doses of benzodiazepine, slower titration rates of 0.1 mg/min and lower total doses may help 
reduce the frequency of emergent confusion and agitation. in such cases special care must be taken to moni- 
tor the patients for resedation because of the lower doses of MAZICON used. 

PATIENTS PHYSICALLY DEPENDENT ON BENZODIAZEPINES: MAZICON is known to precipitate withdrawai 
seizures in patients who are physically dependent on sales la aven if such dependence was estab- 
lished in a relatively few days of nigh dose sedation in intensive Care Unit environments. The risk of either 
seizures or resedation in such cases is high and patients have experienced seizures before regaining con- 
sciousness. 

MAZICON should be used in such settings with extreme caution, since the use of flumazenil in this situation 
has not been studied and no information as to dose and rate of titration is available. MAZICON should be used 
in such patients only if the potential benefits of using the drug outweigh the risks of precipitated seizures. 
Physicians are directed to the scientific literature for the most current information in this area. 


INDICATIONS AND USAGE: MAZICON is indicated for the complete or partial reversal of the sedative effects ot 
benzodiazepines in cases where general anesthesia has been induced and/or maintained with benzodi- 
azepines, where sedation has been produced with benzodiazepines for diagnostic and therapeutic procedures, 
and for the management of benzodiazepine overdose. 


CONTRAINDICATIONS: MAZICON is contraindicated: 

» in patients with a known hypersensitivity to flumazenil or to benzodiazepines. 

* inpatients who have been given a benzodiazepine for control of a potentially life-threatening condition 
(e.g. control of intracranial pressure or status epilepticus). 

* in patients who are showing signs of serious cyclic antidepressant overdose. (See WARNINGS.) 


WARNINGS: 


THE USE OF MAZICON HAS BEEN ASSOCIATED WITH THE OCCURRENCE OF SEIZURES. 
THESE ARE MOST FREQUENT IN PATIENTS WHO HAVE BEEN ON BENZODIAZEPINES FOR LONG- 
TERM SEDATION OR IN OVERDOSE CASES WHERE PATIENTS ARE SHOWING SIGNS OF SERIOUS 


CYCLIC ANTI-DEPRESSANT OVERDOSE. 
PRACTITIONERS SHOULD INDIVIDUALIZE THE DOSAGE OF MAZICON AND BE PREPARED TO 
MANAGE SEIZURES. 





Risk of Seizures: The reversal of benzodiazepine effects may be associated with the onset of seizures in 
certain high-risk populations. Possible risk factors for seizures include: concurrent major sedative-hyp- 
notic drug withdrawal, recent therapy with repeated doses of parenteral benzodiazepines, myoclonic jerk- 
ing or seizure activity prior to flumazeni! administration in overdose cases, or concurrent cyclic anti-de- 
pressant poisoning. 

MAZICON is not recommended in cases of serious cyclic antidepressant gir as manifested by mo- 
tor abnormalities (twitching, rigidity, focal seizure), dysrhythmia (wide QRS, ventricular dysrhythmia, 
heart block), anticholinergic signs (mydriasis, mji mucosa, hypo-peristalsis), and cardiovascular collapse 
at presentation. in such cases MAZICON should be withheld and the patient should be allowed to remain 
sedated (with ventilatory and circulatory support as needed) until the signs of antidepressant toxicity have 
subsided. Treatment with MAZICON has no known benefit to the seriously iil mixed-overdose patient 
other than reversing sedation and should not be used in cases where seizures (from any secs) are likely. 
Most convulsions associated with flumazenil administration require treatment and have been success- 
fully managed with benzodiazepines, phenytoin or barbiturates. Because of the presence of flamazenil, 
higher than usual doses of benzodiazepines may be required. 


HYPOVENTILATION: Patients who have received MAZICON for the raversal of benzodiazepine effects (after 
conscious sedation or general anesthesia) should be monitored for resedation, Jose depression, or 
other residual benzodiazepine effects tor an appropriate period (up to 120 minutes) bas on the dose and 
duration of effect of the benzodiazepine empioyed. 

This is because MAZICON has not been established as an effective treatment for hypoventilation due to 
benzodiazepine administration. The availability of flumazenil does not diminish the need for prompt de- 
moons of hypoventilation and the ability to effectively intervene by establishing an airway and assisting 
ventilation. 

MAZICON may not fully reverse postoperative al problems or ventilatory insufficiency induced by 
benzodiazepines. in addition, even if MAZICON is initially effective, such problems may recur because the 
effects of MAZICON wear off batore the effects of many benzodiazepines. 

rab cases should always be monitored for resedation until the patients are stable and resedation is 
unlikely, 


PRECAUTIONS: RETURN OF SEDATION: MAZICON may be expected to improve the alertness of patients re- 
covering from a procedure involving sedation or anesthesia with benzodiazepines, but should not be substi- 
tuted for an adaquate period of post-procedure monitoring. The availability of MAZICON does not reduce the 
risks associated with the use of large doses of wel cde for sedation. 

Patients should be monitored for resedation, respiratory depression (see WARNINGS), or other persistent or 
recurrent agonist effects for an adequate period of time after administration of MAZICON. 

Resedation is least likely in cases where MAZICON is administered to reverse a low dose of a short-acting ben- 
zodiazepine (<10 mg midazolam), it is most likety in cases where a large single or cumulative dose of a benzo- 
diazepine has been given in the course of a long procedure along with neuromuscular blocking agents and 
multiple anesthetic agents. l 

Profound resedation was observed in 1% to 3% of patients in the clinical studies. in clinical situations where 
resedation must be prevented, physicians may wish to repeat the initial dose (up to 1 mg of MAZICON given at 
0.2 mg/min) at 30 minutes and possibly again at 60 minutes. This dosage schedule, although not studied in 
clinical trials, was effective in preventing resedation in a pharmacologic study in normal volunteers. 

USE IN THE ICU: MAZICON should be used with caution in the Intensive Care Unit because of the increased 
risk of unrecognized benzodiazepine dependence in such settings. MAZICON eon convulsions in pa- 
tients physically dependent on benzodiazepines. (See INDIVIDUALIZATION OF DOSAGE AND WARNINGS.) 
Administration of MAZICON to diagnose benzodiazepine-induced sedation in the Intensive Care Unit is not 
recommended due to the risk of adverse events as described above. in addition, the prognostic significance 
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The American Board of Anesthesiology 


(ABA) will administer a written exami- 
nation in CRITICAL CARE MEDI- 
CINE on Saturday, September 11, 1993. 
Diplomates of the ABA who apply and 
are judged to be qualified by virtue of 


their additional training will be ac- - 


cepted for examination. An application 
may be requested by writing to the 


Secretary, American Board of Anesthe- 
siology, 100 Constitution Plaza, Hart- 
ford, Connecticut 06103-1796. The 
deadline for receipt of completed appli- 
cations in the Board office is March 1, 
1993. 


E 
tate 


The American Board of Anesthesiology 
(ABA) will award a Certification of 
Added Qualifications in PAIN MAN- 
AGEMENT beginning in 1993. Diplo- 
mates of the ABA who apply for the 
certificate, and are judged to be quali- 
fied by virtue of their additional train- 
ing or experience in Pain Management, 
will be accepted for the examination to 
be administered Saturday, September 
11, 1993. An application may be re- 
quested by writing to the Secretary, 
American Board of Anesthesiology, 100 
Constitution Plaza, Hartford, Connect- 
icut 06103-1796. The deadline for re- 
ceipt of completed applications in the 
Board office is March 1, 1993. 





— THE BEN COVINO RESEARCH AWARD — 


Applications for up to $10,000 are invited for the 1993 Ben Covino Award, subject to 
the following basic conditions: 


è The proposal should primarily relate to the use of local anesthetics/regional 
anesthesia, specifically within the preclinical and explorative clinical research 
fields. 


è Applications to the Covino Award Committee must be received in the LARS 
Cleveland office no later than November 20, 1992. Where relevant, applications 
must include institutional approval of human studies and/or animal research. 


èe The official application for the Award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


International Anesthesia Research Society 
2 Summit Park Drive, Suite 140 
Cleveland, OH 44131 

USA 

Telephone: (216) 642-1124 


The establishment of the Ben Covino Award search Society held at the San Francisco 
was announced at the 1992 Annual Scientific - Hilton. The Ben Covino Award has been 
Meeting of the International Anesthesia Re- instituted by Astra Pain Control, Sweden. 
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CRUCIAL PARAMETERS IN SELECTING A 
NEUROMUSCULAR BLOCKING AGENT 


Norcuron’ 
(vecuronium bromide) for injection Atracurium besylate 
HEMODYNAMICS | No significant variations in Statistically significant variations 
blood pressure, cardiac output, in blood pressure, cardiac 
or systemic vascular resistance.’ output, and systemic vascular 
resistance.’ (P<.05) 


HISTAMINE Available clinical experience Precautions advised for patients 
indicates that reactions in whom substantial histamine 
commonly associated with release would be hazardous (eg, 
histamine release are unlikely clinically significant cardiovas- 
to occur." cular disease, asthma). ° 


RECOVERY 


To 25% of control 25-40 min? 35-45 min’ 
To 95% of control 45-65 min? 60-70 min’ 


BONING The initial recommended dose Initial recommended dose is 
FLEXIBILITY is 0.08-0.1 mg/kg. 0.4-0.5 mg/kg. 
Dose can be increased A moderate histamine release 
up to 0.28 mg/kg for long and significant falls in blood 
cases without significant pressure have been seen 
histamine release or related following a dose of 0.5 mg/kg 
cardiovascular side effects.'*" (P<.05) and 0.6 mg/kg. °°” 


STORAGE & 2-year shelf life in lyophilized 2-year shelf life under constant 
SHELF LIFE form at room temperature. refrigeration.’ 


Can be reconstituted with Upon removal from refrigeration 

various IV solutions including to room temperature storage, 

Lactated Ringers+ use within 14 days even if 
rerefrigerated.° 


* Dose of atracurium above 0.5 mg/kg is not recommended. 
t As originally supplied by the respective manufacturers. 
+ Storage after reconstitution varies with solution. See package insert. 
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THE LOGICAL CHOICE FOR NEUROMUSCULAR BLOCKADE 


ORGANON INC 
See following page for brief summary of prescribing information. NEW JERSEY 07052 








NeUrOMUSCU 
DOSAGE AND ADMINISTRATI Gh alo mesg, pease S N ING ciel DETA NTS WER 
uronim bromide) for Infection ts for intravenous use only. node annie Dos by or under the supervision of 
experienced clinicians familar with the use of neuromuscular a aero rene dae 
un per 


dosag of 
: . © >» ' Sorve as a Guide only, ly enhancement of neuromuscular blockade cf Norcuron® by volafile anesthefics and 
by prior use of (see PRE interactions) Parenteral drug products should be Inspected visually 
1OY DATANG RUA eee eee 
obtain maximum clintcal benefits of Norcuron® and to mimimize tha possiblity of overdosage, the monitoring of muscle 
twitch response to peripheral nerve stimulation Ls advised. 


Ut late eohaceabn abel E OOO O S oe dad i UTO S au ells lek el tag 


Thés dose can be expected to producs good of excelent on eena aaan in 2.5 to 3minves . 
Before prescribing, please consult completes product Infermation, a summary of whick follows: Infection. Under balanced anesthesia, clinically required neuromuscutar enproximetety 25-30 minutes, with 
Oe | EN 25 as ar conan rove) cont tae 
THIS DAUG SHOULD BE ADMANISTERED BY ADEQUATELY TRAINED INDIVID FAMILIAR WITH ; minutes afier injection. in the presence of potent inhalation anesthelics, the neuromuscular ng 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. pri E a cleric TA a ie tert Ties Mer TE SEN start of inhatalion agent or whan 
ar eae lL el gar Ng La., 0.060 to 0.085 
CONTRA ROICATIONE, nr Coe Oe SATO STAN O allel rl lard the neuromuscular blocking etfect and duration œf actton of N 
WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY DOSAGE BY OR UNDER THE SUPERWI- H intubation Is performed succinyichoilne, a reducion of rial dase of Norcuron® io 0.04-0.06 mg/kg wih inaiaiion 
SION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT DER E with balanced anesthasta may be required. 
MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, pers, malnrancs das of 00 b 0015 of Norcuron® are recommended; atter the 
ARTIFICIAL RESPIRATION, OXYGEN THERAPY AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN iss is malas os wil be required 25 to 40 minutes. However, clinical cris- 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. TO REDUCE THE POSSIBILITY OF PROLONGED NEURO- fa should bo Used Sp le at tar el ele ler ll allah 
MUSCULAR BLOCKADE AND OTHER POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING LONG-TERM USE IN subsequent maintenance Pa A AAE i roc dca A meh pp PETEN TROT ag 
THE ICU, NORCURON® OR ANY OTHER NEUROMUSCULAR BLOCKING AGENT SHOULD BE ADMINISTERED IN CAREFULLY imately from 12 io 15 minutes under balanced anesthesia, slightly longer under halation agents. (if less frequent 
ADJUSTED DOSES BY OR UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS flon [s desired, higher malnianance doses may be administsred.) 
ACTIONS AND WHO ARE FAMILIAR WITH APPROPRIATE PERIPHERAL NERVE STIMULATOR MUSCLE MONITORING TECH- Should there be reason forthe selection of larger doses in indvidual patents, intial doses from 0.15 mg/kg up to 
NIQUES (see PRECAUTIONS) In patients who are known to have myasthenia gravis or the myasthenic Lambert} pei Pde el ll na ele T T S E effects to the cardiovascular system 
syndrome, small doses of Norcuron® may heve pratound effects. in such a peripheral narva stimulator and use of a being noted as long as veniation is property . 
S fest Asa may be of valu in MO the response tp of muscle relaxants ep tla er bem cl pd pl ast oh 
PRECAUTIONS: ated 20-40 min iater, Infusion of Norcuron® shoudd be initiated on rho ne FBCO¥aN» 
Renal Fatores: Norcuro® [s weil tolerated without significant prolongation of neuromuscular blocking effect in from Ta t oileain bth iste care unt NES not baen 
` pafents with renal tafura who have been prepared by dlatysis. Under emergency conditions in anaphric aerated 10 aped drag (sea PRE 
patients some prolongation of neuromuscu blockage may occur; if anephric patents cannot be prepared for non- Infusion of Norcuron® shoul ba individualized for each patient. The rate of admintsiration shouid be adjusted according. 
elective a kores Ini@al dose of Norcuron® should be considered. bo the patient's twiich response as determined by peripheral nerve stimutation, An initial rate of 1 is recommended, 
Altered atlon Time: Conditions assoctaied with slower circulation time In cardiovascular disease, old age, edematous wth the rate of the infuslon asad Beret t» malta a 90% suppression cf twiich response indusion rates may 
states resulting In Increased voluma of distribution may contribute tp a detay In onset time, thereiora dosage should not be range from 0.8 to 1.2 g/kg/min. 
Increased. Aon a dared art felled fk aad Habra de ral action of non- 
Hepatic Hsease: Limited in patients with cirhosis or cholestasis has revealed prolonged time in kep- muscle retpannts. in the presence stale concentrations of enflurane or isoflurane, R may be necessary to 
ing wit ha roie tha Iher plays metaboäsm and excretion. Dala curently malieb ie 10 hol parmit dosage thee OL ASON 25°60 perak ASGD min the intubating dose. Under halothane anesthesia t may not be nec- 
recommendasions in with impaled [ver function. essary to reduce the rate of Infusion. 
Long-term Use ia C.U.: In the Intensive care unil, In rare cases, long-term use al neuromuscular blocking drugs to facilt- Spontaneous recovery and reversal of neuromuscular blockade ftofowing discontinuation of Norcuron® infusion may be 
oe ee Dey eg oe lat bok sie lpr cpt pl de lb a expected to procead al rates comparabie to thal following a sl PE e 
a n ly, such pattants receive other drugs such as broad spectrum Infusion solutions of Norcuron® can be by mixing Norcuron® with an appropriate Infusion solution such as 5% 
narcotics and/or steroids and may have electrobyte imbalance and diseases which tsad to electrotyte imbalance, a ee saline, or Lactatad Ringers. Unused porfions of Infuston solukons shoutd be 
Maas nr al ATN aa er lg lela of which may enhance the acttons of a 
blocking of alae a periods requenily devel op symptoms consistent infusion rates of Norcuron® can be indWvicualzed for each patient using the foltowiling tabse. 
with disuse muscle The recovery eect ema 
ery of movement of the I poe lee las The exons lo the remaining muscles. In rare cases recovery may be Drug Delivery Rate (g/kg/min) Intusion Delivery Rate (ml/kg/min) 
oe! a ene Pod oi ne and may men, on ces, rove ban, Ths, we as eod fr a 0.1 mg/mL“ 0.2 mgmit 
Pe eee Da fe beet Gane SAN D Ea ARAA O n a e 2007 0.0035 A 
m Us mechanical entiation studied su : . 
IN THE RSE CARE UNIT APPROPRIATE MONITORING, WITH THE USE OF A USE OFF PERDTERAL lee TO 0.8 0.008 0.0040 
ASSESS THE DEGREE OF NEUROMUSCULAR BLOCKADE 6S RECOMMENDED 10 HELP PRECLUDE POSSIBLE PROLONGA- 0.9 0.009 0.0045 
TION OF THE BLOCKADE WHENEVER THE USE OF NORCURON® OR ANY NEUROMUSCULAR BLOCKING AGENT IS 1.0 0.010 0.0050 
CONTEMPLATED IN THE ICU, IT IS RECOMMENDED THAT NEUROMUSCULAR TRANSMISSION BE MONITORED CONTINU- 11 oT 0.0055 
OUSLY DURING ADMINISTRATION AND RECOVERY WITH THE HELP OF A NERVE STIMULATOR. ADDITIONAL DOSES OF 12 0.012 0.0060 
NORCURON® OR ANY OTHER NEUROMUSCULAR BLOCKING AGENT SHOULD NOT BE GIVEN BEFORE THERE |S A DEFINITE a ' 
RESPONSE 19 T, OR 0 THE FIRST TWITCH. IF NO RESPONSE IS ELICITED, INFUSION ADMINISTRATION SHOULD BE DIS- 13 0.013 0.0065 
CONTINUED SPONSE RETURNS. “10 mg of Norcuron® in 400 mL solution t20 mg of Norcuron® in 100 mL solution 
wrbahy others mimg Gord cr haan, any nah ese dacs es at oe Roca, Tha following table is a guidadne for mL/min daliery for a sotužon of 0.1 mg/mL (10 mg in 100 mL) with an inkusion pump. 
Malignant Hyperthermia: Many drugs used in anesthetic ol int h of triggering a potentially NORCURON® INFUSION RATE - mL/MIN 
fatal hypermetabofism of skeletal muscle known as malignant are 0 data derived from screening 
in suscepiibie animats (swine) to establish whether or not Morcuron® Is capabla of hg metre nean Amount of Drug Patient Welght — kg 
C.N.8.: -Norca has no Know Sied on eee Iha pap trasna or ceiw Adm musi be accom- ng kgmin 40 50 60 70 80 90 100 
rug | oas: Prior administration of may enhance the neuromuscular Norcuron® 0.7 0.28 WKS) 0.42 0.49 0.56 0.63 0.70 
(vecuronium bromide) for Inecon and Rs duration af action. I sucincnodns Is used bore Ncrciuron®, fs administration o 0.8 0.32 0.40 0.48 0.56 0.64 0.72 0.80 
should be unt! the succnyictolne fied shows signs of wearing ofl Wih succiryichole as tha inkubaling 0.9 0.36 0.45 0.54 0.63 0.72 0.81 0.90 
agant, initia! doses of 0.04-0.06 mg/kg af Niorcuron® may be adminisierad to produca complete neuromuscular block with clin 1.0 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
cal duration of action of 25-30 minutes. The use of Norcuron® beiore succinyichoting, in order to attenuate some of the side 1.1 0.44 0.55 0.66 0.77 0.88 0.99 1.10 
effects of succtnyicholine, has not been sufBclentty studied. 1.2 0.48 0.60 0.72 0.84 0.96 1.08 1.20 
nondapolarizing blocking agents (pancurontum, d-tubocurarine, metocuring, and gallamine) act in the 1.3 0.52 0.65 0.78 0.91 1.04 117 1.30 
see a es ar Merse ee au ad Nora ra oe a Wee, HOTE: Waco o 02 nfl sed (yO ne a i eG by ea 
Inkalational Amesthetics: Uso of volatile inhatational anesthetics such as enfiurans, isoflurane, and halothane with iw pe A ela (D D 1 ae C a0) a algal di sama dosage as 
Norcuron® wil enhance neuromuscular blockade. Potanilation Is most nant with use of enfiurane and Isoflurane. With the se l Ae managed the same way. Younger chidren (1 to 10 years of age) may require a hi dose and 
above agents the initial dose of Norcuron® may be the same as with balanced anesthesia unless the inhalational anesthetic has ry a Qu supplementation sightly more often than adults. Infants under ons year of age but 7 weeks are 
been administered for a sufficient time at a dose to have reached clinical equilbrlum. more sensitive to Norcuron® on a mg/kg basis than aduits and take about 12 imes as long to recover. See aso 
Antibletics: administration of hich doses of certain antl or produce neuro- subsection of PRECAUTIONS Pediatric Usa. Information presantiy avafable does nat permit recommendation an In 
muscular block on their own. The foltowing antibiotics have bean associated with varlous degrees of paralysis: amin neonates (saa PRECAUTIONS) There are insufficient data on of vecuronium in children, 
(such as neomycin, bacirachn; n B; Can 
colsi, and sodium Hf these or ather newy Introduced antibiotics are used in conjunction with Norcuron®, unax- COM LITY: Norcuron® fs compatibla in sotullon with: ) 
pected of neuromuscular block should be constdared a possibilty. 0.9% NaC! solution Siera water for injection Lactated Ringers rs 
r: conceming ono ne during recovery fom use of other muscle relaxants suggest that recurrent 5% in water 5% glucose in saline 
parasa may oc Ihi be considered for Norcuron®. Norcuron® Induced neuromuscutar blockade has Use within 24 hours of mixing wath the above solutions. 
counteracted Sd anea bv acts i EION aries (ca coher MATOS A JETAS Parenteral drug products should be Inspected visually for particutate matter and discoloration prior to adminisiration rhen- 
ee mera prance, ame 
Peay apt bal n Plateel dih aM o i ME On ota, MAES ets: 10 mL vs (10 mg a 0 mk of diuo di USP) 
_Drogtaberatory test teractions: Nono known. l 22 g 1⁄4" neede. Boxes of t0 No. 0052-0441 Y 
tlc ti aalt erp nt A TAPUIT UNID ART SAA k ATERS Den no oeat Perlo ta:i ba (G ear branie) or YO val o et coset tn, USP) 
evaluate carcinogenic or potential or Impairment of Boxes ; 
Animal reproduction studies Nercuon®. 10 mi vials (10 mg vecuronium bromide) onty; DILUENT NOT SUPPLIED. Boxes of 10 NOC No. 0052-044+-15 
ot Neen can Cue aa harm when ad ibd a peat we orca ced mon a. 20 mL vials (20 mg vecuronium bromide) only; DILUENT NOT SUPPLIED.  Boxescf10 © NDC No, 0052-0442-46 
Norcuron® ‘should be D 2 pronari wurran oiy ly a eart noored STORAGE: 15°-30°C (58°-86°F). Protect from Ught. 
Pediatrie Une: nits under 1 year ol age but older fan 7 weeks, ofa under altars anesthesia, ae moderately AFTER RECONSTITUTION: 
ADVERSE KE- Th mas atu saree macof eae blocking agants as a class consists of an recede tet lection ple es re henge refrigerated. hours 
eden Sealine aah elt oe Carats eae F Sigo usn Discard ured prt ine j ga 
in respiralon 
Inadequate reversal of ths neuromuscular spose wan Noor as wal caro drugs These shor A law prohibits dispensing without prescription. REVISED 197 
ae a vera e aee re gic acon eR A EE A E E 
droperidol. See OVERDOSAGE for discussion af other drugs used in anesthetic practice which a so cause respiratory ra, Anestesiol, 198358 my Neca (vecuronium bona) fo injecton T A. Kaufman JA, 
depression. , l l effects of vecuronium: responsa Anesth. 
Hides eel ene A j a nske ta ui (ee RECT) a o aa E 1981 (6;-434 438.5, Tract” Iryecton aracorum bass) package insert, B. Scoti RPF; Savarese JÌ, Basta SI, e al 
f of Norcuron® has been associated vith rare instances bo Wes eects Galila a i en oe eee attenuating the haemodynamic response. Br J Aneesh 
DOSAGE: The ol eltaesii er SaGa cathe ninco hy monitoring muscte twitch response to “Tractium ts a registered trademark of Burroughs Wellcome Co. 
nerve on. 
doses of Norcuran® produca pharmacological T EI 
Seen E E E ou ONE apnea A pata nar sor may be used ID ASSESS Ea A 
- reservo, of nerve may 08 assess O anon WEST ANGE 
the degree of residual neuromuscular blockade from other causes of decreased respiratory rasere. : i rg EA i 
depression may be due either wholly or in part to other drugs used'during fhe conduct of general anesthesia , 
uon ee oe ae Ce ge) aes Ie Se 
meant i maintenance of a patent alnway and manual or completa recovery of normal respiration is | 
ns bromide) infection, neostigmine, or edn in con|unsfon with of gMCOpN Manufactured for ORGANON INC. 
Skeletal muscle relaxant action of . Sastactory reversal can be by By BEN VENUE LABORATORIES, INC. e BEDFORD, OHIO 44146 
fk ie andy sing ol eae. Ah meer a etal NOIRE.” enti 
£ ure of prom may Occur presence on, ; 
and with concomitant usa of cartain broad spectrum aniiblodcs, of anesthetic agants and other drugs which enhance neuro- NG J 07052 


_ Muscular blockade or cause respiaiory depression of their own. Under such cicumstances the management §s he same as tal ©1992 ORGANON INC. ORG-13842 PRINTED IN USA FEBRUARY 1992 





agent can achieve hypnosis 
through the synergistic inter- 
a action of subanesthetic 
doses,** the goal being to 
maximize desired effects and 
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Optimal induction produces 1) unconsciousness and 
2) a rapid progression to a state of anesthesia, with 
maintenance of stable cardiovascular functioning." 
However, even though high doses of hypnotics— 
such as thiopental or propofol—can achieve both 
endpoints, they can also cause significant hemo- 
dynamic changes. Therefore, it may be advanta- 
geous to manage hypnosis and 
anesthesia sequentially by 
employing a combination of 
function-specific agents. 
Indeed, VERSED given 
in combination with a second 





reduce the undesired. 


The advantage of co-induction 


It is well established that induction agents potentiate 
each other when given in combination. One quarter 
of the hypnotic EDs, of VERSED can reduce the hyp- 
notic EDs, of thiopental by as much as 75%.° 
However, this degree of reduction occurs when 
thiopental is given one minute after VERSED, thereby 
achieving synchronous peak effects. The magnitude 
of interaction diminishes as the interval between the 
administration of the co-induction agents lengthens. 


Dosing considerations with 
VERSED’ (midazolam HCl/Roche) @ 


When VERSED is used before other intravenous agents for induction of 
anesthesia, the initial dose of each agent may be significantly reduced, at 
times to as low as 25% of the usual initial dose of the individual agents. 

As a standard precaution, prior to I.V. administration of VERSED in 
any dose, oxygen and resuscitative equipment should be immediately 
available. VERSED should be used as an induction agent only by persons 
trained in anesthesiology and who are familiar with all dosing and adminis- 
tration guidelines. Reduce dosage in elderly or debilitated patients, in pa- 
tients receiving narcotic premedication and in those with limited pulmonary 
reserve. 

It is recommended that patients do not drive or operate hazardous 
machinery after receiving VERSED until the effects of the drug (e.g., drow- 
siness) are gone or until the day after anesthesia, whichever is longer. 

The decision must be individualized. 


IDEAS IN ANESTHESIA 


AN ONGOING SERIES 


Please see summary of product information on following page. 


References: 1. Wisankin RL. Management of general anesthesia. in: Miler RD, ad. Anesthesia. 3rd gi 
New York: Churchill Livingstone: 1990:1335-1346. 2. Vink HA, Bradisy EL Jr, Kissin L Midazolam for 
coinduction of thiopental anesthesia in patients. Anesthesiology. 1990;73{34):A1216, 3. Tvarskoy M, da. 


Midazolam acts synerplationly 
63:103-112. & Short TG, Gaitetly OC, Plummar JL. Hypnotic and anaesthetic 
midezoiam atone and in combination. & J Anaesth. 1991786:19-19. 8. Kissin |, at al. Atfentard 
midazolertrinduced unconsciousness in subanaigesic doses. Aneei: Anaig. 1990:7 1-68-88, 7. Vink HA, 
Sradiey EL Jr. Kiesin |. Midazolern-aifentani! synergism tor anesthetic induction in patents. Anget 
1809:68:213-217. & Ben-Ghiomno |, ot ai. Midazolam acts acts synergistically with fentanyt for induction of 
anaesthesia. Br Jj Anaesth. 1990 64:45-47. 


VERSED® 
midazolam HCV/Roche & 
INJECTION 


Before prescribing, please consult complete product Information, a summary 
of which follows: 


Intravenous VERSED has been associated with respiratory depression and reeplra- 
tory arrest, especially when used for conscious sedation. In some cases, where this 


was not recognized promptly and treated effectively, death or hypoxic encepha- 
lopathy has resulted. Intravenous VERSED should be used only inhospttalor | 
ambulatory care settings, Including physictans' offices, that provide for continuous 
monitoring of respiratory and cardiac function. immediate availability of resuscitative 
WANNGS) On ena 


The initial intravenous dose for conscious sedation may be as ittie as 1 mg, but 


should not exceed 2.5 mg in a normal healthy adult, Lower doses are necessary for _ 


older (over 60 years) or debilitated patients and in patients receiving concomitant: 
narcotics or other CNS depressants. The Initial dose and ail subsequent doses | 
should never be given as a bolus; administer over at least 2 minutes and allow art 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the. 

1 mg/ml. formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is recom: 
mended to facilitate slower Inaction. Consuft complete product information under 
DOSAGE AND ADMINISTRATION for complete dosing Information, 





CONTRAINDICATHONS: Patients with known hypersensitivity to the drug. 
nes are contraindicated in patients with acute narow angle glaucoma; may 

be used in open angle glaucoma only if patients are receiving appropriate therapy. 
Not Intended for intrathecal or epidural administration dus to tha presence of the preser- 
vative benzyl alcohol. 
WARNINGS: Never use without individualization of dosage. Prior to IV usa In any 
ner ee ee resuscitative equipment and l 

ked porsorme for maintenance of a patent alrway and support of ventilation. 
ean monitor for earty signs of underventilaticn or apnea, which can: 
lead to hypoxia/cardiac 


airway and supporting vantiation. For conscious sedation, do not administer IV by 
rapid or single bolus. Serious carckorespiratory adverse events have occurred. These 


requiring treatment during or after diagnostic or surgical mantoutations in patients who 
have received VERSED, NPO io) Oneal Tet pore FAGURNUY HNE GONSE Saton 
studies in patients premedicated with narcotic. 


administration; paradoxical reactions 
should be considared, Should these these reactions occur, response to each dose of VERSED 
and all other drugs should be evaluated before proceeding. 


chronic renal failure and patients with congestive heart tafurs eliminate midazolam more 
slowly. Because elderly patients frequently have Inefficient function of one or more organ 
‘systems, ee | 
reduce initial d ee oo Booty ese ana r oon 

Do not administer in shock, Coma, acute alcohol intoxication with depression of vital _ 
signs. Particular care should be exercised In the use of iV VERSED in patients with 
uncompensated acute iinesses, such as severe fluid or electrolyte disturbances. i 
Guard against unintended intra-arterial Injection; hazards in humans unknown, Avoid | 


VERSED should only be administered IM or IV. Safety and efficacy of other routes of 
administration are not established. 
Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 


suggested In several studies. If VERSED Is used during pregnancy, apprise the 
sell AL ds ddd ETET diet 

PRECAUTIONS: General Decrease Intravenous doses in elde-ty.and debilitated 
patients. These patients will also probably take longar to recover completely after 
VERSED for Induction of anesthesia. 
VERSED dose not protect against Increased Intracranial pressure or against the heart 
rate rise and/or blood pressure riae associated with endotracheal Intubation under light 
general anesthesia. 
information for patients: Communicate the folowing Information and Instructions to the 


regarding your 
physician if you are pregnant or are planning to become pregnent. 3. Inform your physt 
clan # you are nursing. 

Drug interactions: The secate otec of M VERSED Is accentuated by cremedicatn, 


VERSED® (midazolam HCi/Roche) 


particularly narcotics {e.9., morphine, meperidine, fentany)) and 
pics Satta i aden ries . Consequantly, ee eee 


A moderate reduction in Induction dosage requirements of thiopental (about 1596) has 
been noted following use of IM VERSED for premedication 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

Although the possiblity of minor interactive effects has not been fully studied, VERSED 
and pancuronium have been used together in patients without noting clinically significant 
changes in dosage, onset or duration. VERSED does not protect against the characteris- 
tic circulatory changes noted after administration of succinytcholine or pancurontum, or 
against the increased intracranial pressure noted folowing administration of succinyl- 
choline. bilateral fet Earp TEER, onset or 
Curation of a single Intubating dose of 


relaxants) or topical loca! anesthetics (including lidocaine, dycionine HC! and Cetacaine) 
have been observed. 

Ctsarance of midazolam and certain other benzodiazepines may be delayed with 

cela ec a a i Did daa te 
Interaction is unclear 

Drug/laboratory test interactions: Midazolam has not been shown to interfere with clinical 


laboratory test results. 

impaiment of fertility: Midazolam maleate was adminis- 
tered to mice and rats for two years. At the highest dose (80 mg/kg/day) female mice had 
@ marked Increase in Incidence of hepatic tumors and male rats had a small but signifi- 
cant increase in benign thyroid follicular cell tumors. These tumors were found after 
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established. 
ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespiratory 


parenteral administration were the most 
tidal volume and/or respiratory rate decrease (23.3% of patients following IV and 10.8% 
of patients following iM administration) and apnea (15.4% of patients following IV admin- 
istration), as well as variations In blood pressure and pulse rate. 

Following IM Injection: haactache (1.396); focal effects at IM site: pain {3.7%}, induration 

Spe Er ae at: musck stiffness (0.3%). 
iM 


S compa wath lorespiratory 
in most of these cases, patients also received other CNS depressants capable of 


depressing respiration, especially narcotics. 
hs (3.9%), nausea (2.8%), vomiting (2.696), coughing 
(1.3%), “oversedation” (4 6%), headache (1.5 %), drowsiness (1.2%); local effects at the IV 
site: tandemess (5.8%), pain during Injection (5.0%), redness (2.6%), induration (1.7%), 
phiebitis (0.4%). Other effects (<1) dy pasok: aaan Respiratory: 
bronchospasm, hyp 


emergenca 
eve ane ee ae nae disturbance, insomnia, nightmares, 


dence potential of midazolam suggest that its abuse potential is at least equivalent to that 


of dazepam. 

OVERDOSAGE: Manifestations wouid resemble those observed with other benzod!- 
azepines {e.g sedation, somnolenca, confusion, impaired coordination, diminished 
refiexes, coma, untoward effects on vital signs}. No specific organ tosdcity would be 


DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 


has shown VERSED to be 3 to 4 times as per mg 
SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY ADVERSE EVENTS 
HAVE BEEN REPORTED, PROVISION FOR MONITORING, DETECTION AND 
CORRECTION OF THESE REACTIONS MUST BE MADE FOR EVERY PATIENT 
TO WHOM VERSED INJECTION IS ADMINISTERED, REGARDLESS OF AGE OR 
HEALTH STATUS. Excess doses or rapid or single bolus Intravenous 

tion may result In reaptratory depression and/or arrest. (See WARNINGS.) Prior 
to use refer to the DOSAGE AND ADMINISTRATION section In the compiste 
produot information. 


P.I. 0801 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 


340 Kingsiand Street 
Nutley New Jarsay 07110-1189 


ayn ry a ya 
a eek 
y U ` 


Oxygen Consumption and Carbon Dioxide Elimination 
After Release of Unilateral Lower Limb 


Pneumatic Tourniquets 


Tat-Leang Lee, FFARACS, William A. Tweed, MD, FRCPC, and, Bachan Singh, FFARCS 
Department of Anaesthesia, National University Hospital, Singapore 


Oxygen consumption (Vo), carbon dioxide elimina- 
tion (Vco,), and respiratory exchange ratio (RQ) were 
continuously measured in 15 male and 15 female 
adults during knee surgery, with the leg exsan- 
guinated by an inflatable tourniquet around the 
thigh. Arterial blood was also intermittently sampled 
for blood gas analysis, electrolytes, and lactate con- 
tent before and after tourniquet deflation. There was 
a significant increase in Vo, and Vco, after tourni- 
quet deflation, which was more pronounced in the 
male (aged 29.5 + 14.8 yr, mean + sp) than the 
female (aged 56.9 + 15.6 yr) patients, both in terms of 
maximal increase (P < 0.001) and percent of increase 
from values before deflation (P < 0.001 and P = 0.01). 
The body weights and tourniquet inflation times 
were not significantly different between the male and 
female patients. Excess Vo, (O, debt) and excess 
Vco, over 12 min after deflation of the tourniquet 
were also significantly higher for male (593.5 + 


rthopedic surgery of the lower extremities 

frequently requires exsanguination and the 

use of pneumatic tourniquets. Several stud- 
ies reported significant but transient increases in 
Paco, (1-3) and end-tidal CO, (ETco2) (4-6) in chil- 
dren and adults after tourniquet deflation. This is 
assumed to represent washout of accumulated meta- 
bolic waste products from the ischemic limb. There is 
little information published with regard to the actual 
amount of CO, produced and change in oxygen (O,) 
consumption after such an ischemic event. The object 
of this clinical study was to investigate the change in 
lower limb skeletal muscle metabolism (O, consump- 
tion [Vo,] and CO, elimination [Vco,]) after tourni- 
quet deflation in unilateral lower extremity surgery. 


Accepted for publication March 4, 1992. 

Address correspondence to Dr. Lee, Department of Anaesthe- 
sia, National University Hospital, 5 Lower Kent Ridge Road, 
Singapore 0511. 


©1992 by the International Anesthesia Research Society 
G003-2999/92/$5.00 


222.9 mL and 714.9 + 463.8 mL, respectively) than for 
female patients (302 + 73.3 mL and 196 + 162.22 mL, 
respectively; P < 0.01). There was no correlation 
between the duration of tourniquet inflation time and 
peak increase in Voz, peak increase in Vco., and O, 
debt over 12 min after deflation of the tourniquet; 
however, tourniquet time was weakly correlated with 
excess Vco, over 12 min after tourniquet deflation 
(r = 0.55, P = 0.002). There was a significant decrease 
in pHa (P < 9.001) from release ‘of Paco, and lactate 
after tourniquet deflation. Plasma potassium levels 
also increased significantly after tourniquet release 
(P < 0.01). All of these biochemical changes did not 
cause any adverse effects in the study patients. In 
view of the predictable increase in Vo, and Vco,, we 
recommend monitoring of end-tidal CO, and a tran- 
sient increase in minute ventilation to maintain nor- 
mocapnea. , 
(Anesth Analg 1992;75:113-7) 


Methods 


After obtaining institutiorial ethics committee and 
written, informed patient consent, 15 male and 15 
female adults (ASA physical status I-II) scheduled for 
surgical procedures on the lower extremities that 
involved the use of pneumatic tourniquets were 
selected. Male patients had arthroscopic surgery for 
knee problems related to sport injuries, whereas 
female patients had arthroscopic debridement due to 
degenerative diseases of the knee joints. The extrem- 
ity undergoing surgery was exsanguinated with an 
Esmarch bandage and the pneumatic tourniquet in- 
flated to a pressure of 450 mm Hg. Patients with 
known cardiac,. pulmonary, or renal disease were 
excluded from this study. 

Anesthesia was induced with propofol (1.5- 
2.5 mg/kg IV), and tracheal intubation was facilitated 
by intravenous administration of alcuronium. Anes- 
thesia was maintained with propofol infusion 
(6-10 mg/kg), and analgesia was provided by fentany] 
or morphine. The lungs were ventilated with 40% O, 
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in air with a Siemens Servo 900 C ventilator to 
maintain an ETco, at approximately 30 mm Hg with 
a Siemens CO, analyzer model 930. Patient moni- 
toring systems included an electrocardiogram, a 
nasopharyngeal temperature probe, a blood pres- 
sure sphygnomanometer '(DINAMAP), and pulse 
oximetry. Oxygen consumption (Vo,), CO, elimina- 
tion (Vco,), and respiratory exchange ratio (RQ = 


Vco./Vo,) were continuously monitored with a gas. 
exchange monitor (Deltatrac, Datex/Instrumenta- 
trium, Helsinki, Finland) after induction of anesthe-. 


sia and tourniquet inflation and for 12 min after 
deflation. Nitrous oxide and inhaled agents were 
excluded because they can affect the performance of 


the gas exchange monitor. The Deltatrac is an open- 


system indirect calorimetry device designed for mea- 


surements of Vo, and Vco, in both spontaneously 


breathing and mechanically ventilated patients. The 
values for Vo, and Vco, are updated by the Deltatrac 


every minute; Vo, and Vco, are expressed under. 
standard conditions: dry gas at 0°C and 760 mm Hg: 


(STPD). Excess Vo, and Vco, were calculated as 
the total amount of Vo, and Vco, over 12 min after 
tourniquet deflation in excess of their respective 
immediate values before deflation. 

After induction of anesthesia, a 20-gauge catheter 
was placed in a radial artery for blood sampling. 
Blood samples were sent immediately after with- 


drawal for measurements of pH, Pao,, Paco,, so- 


dium (Na*), potassium (K*), and ionized calcium 
(Ca**) by a Nova Biomedical Stat Profile blood gas 
and electrolytes analyzer at 37°C just before and 5 and 
10 min after deflation of the pneumatic tourniquet. 
Blood samples were also sent for measurements of 
lactate (enzymatic assay) levels immediately preced- 
ing and 5 and 10 min after deflation. All measuring 
instruments were appropriately calibrated. 
Demographic data, duration of tourniquet infla- 
tion, and variables of Vo, and Vco, for male and 


female patients were compared by unpaired t-tests. . 


Changes in arterial blood gas values, electrolytes, 
lactate content, Voz, Vco,, and RQ before and after 


tourniquet deflation were compared by analysis of: 


variance and least significant differences test. Linear 


regression analysis was used to correlate tourniquet 


time and variables for Vo, and Vco,. A P value <0.05 
was considered to be statistically significant. All val- 
ues are reported as mean + sp unless otherwise 
stated. 


Results 


Male patients were significantly younger than female 
patients (Table 1). Body weights and tourniquet in- 
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Table 1. Clinical Data and Duration of Tourniquet 
Inflation in 30 Patients Undergoing Lower 


Extremity Surgery 
Male Female 
(n = 15) (n = 15) 

Age (yr) 29.5 + 148 56.9 + 15.6". 

Weight (kg) 63.1 + 8.9 61.2 + 9.8 
TT (min) 102.5 + 46 92.6 + 28 
(22-180) (21-122) 

TT, tourniquet time. 


Data are expressed as mean values + sp. Values in parentheses indicate 
IRTEE: 
*P < 0.0001. 


flation times were not significantly different between 
the two groups (Table 1). The Vo, and Vco, values 
increased significantly in all patients after deflation of 
the pneumatic tourniquets (Figure 1) and had not 
returned to baseline values before deflation by 12 min 
after deflation, when the measurements were 
stopped. The RQ values decreased for 4 min after 
tourniquet deflation (Figure 2). 

Values before deflation, peak values after defla- 
tion, and percent increase in Vo, and Vco, were 
significantly higher in male patients (Table 2). The 
excess O, consumption (O, debt) and excess CO, 
elimination over 12 min after tourniquet deflation 
were also significantly, higher for male patients 
(593.5 + 222.9 mL and 714.9 + 463.8 mL, respec- 
tively) than for female patients (302 + 173.3 mL and 
196 + 102.22 mL, respectively; P < 0.001) (Figure 3). 
There was no correlation between the duration of 
tourniquet time and the peak increase in Vo2, peak 
increase in Vco,, and O, debt over 12 min after 
deflation of the tourniquet; however, tourniquet time 
was weakly correlated with excess CO, elimination 
over 12 min after tourniquet deflation (r = 0.55, P = 
0.002). 

The pHa (P < 0.001) and standard blood bicarbon- 
ate (P < 0.01) decreased, and Paco, (P < 0.001), 
serum potassium (P < 0.01), and lactate (P < 0.001) 
increased; Pao, and O, saturation did not show 
significant changes (Table 3). There was a transient 
but insignificant decrease in arterial blood pressure 
and increase in heart rate after tourniquet deflation. 


Discussion 

The gas exchange monitor (Deltatrac) used in this 
study has recently been validated (7). This monitor 
allows continuous monitoring of Vo, and Vco,. Ni- 
trous oxide and inhaled anesthetics that could affect 


CO, and O, analysis were excluded from the anes- 
thetic technique. Our results showed a significant 
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see MALE & FEMALE 


ae”? 


100 
12 3 4 + 2 


Pre deflation 





ourniquet off 


Time (min) 


Figure 1. Changes in O, consumption (Vo,) and CO, elimination (Vco,) after tourniquet deflation. Asterisks indicate values that are 
significantly different (P < 0.05) from those immediately before tourniquet deflation. 


MALE & FEMALE 


1 2 3 4 


Pre defiation 





Tourniquet off 


Time (min) 
Figure 2, Changes in respiratory exchange ratio (RQ) after tourniquet deflation. Asterisk indicates value significantly different (P < 0.05) 


from those immediately before tourniquet deflation. 


increase in Vo, and Vco, after tourniquet deflation 
that was more pronounced in the younger male than 
the older female patients, both in terms of maximal 
increase and percentage of increase from values be- 
fore deflation. This was presumably due to the larger 
muscle mass in the male patients who were younger 
and had arthroscopic surgery after sport injuries. The 
female patients had knee surgery related to chronic 
degenerative knee diseases that were invariably as- 


sociated with atrophy from disuse of the muscles of 
the lower limbs. 

After tourniquet release, Pao, was reported to 
decrease significantly in elderly patients who were 
breathing spontaneously with Fro, of 0.28 (1) or to 
remain unchanged in children who were mechani- 
cally ventilated (3). There was no significant change 
in Pao, in our patients (Fro, = 0.5), but we observed 
a significant increase in Voz. The increase in Vo, was 
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Table 2. Comparison of Variables of O, Consumption (V 02) and CO, Elimination (Vco,) Between 15 Male and 


15 Female Patients 
Vo, (mL/min) 
Male Female | 
Before deflation (A) 195.4 + 26.1 145.9 + 32.6 
Peak value after deflation (B) 372.4 + 73.9 215.7 + 56.6 
% Increase = 89.6 + 21.3 48.7 + 28.9 
[((B — AVA] x 100 


Data are presented as mean values + sp. 


Excess VO2 over 12 minutes. 


(wA/ Ttmin) 
1200 





female 


Figure 3. Comparison 
and female patients. *P < 0.001. 


Table 3. Changes in Arterial Blood Gas Values, 
Electrolytes, and Lactate Content After 


Tourniquet Deflation 
Before Minutes after deflation 
deflation 5 10 

pH 7.43 + 0.05 7.35 + 0.05" 7.39 + 0.05* 

Paco, 34.5 + 5.5 41.7 + 6.7 37.7 + 5.0° 
(mm Hg) 

Pao, 167.5 + 37.4 172.2 + 35.9 164.6 + 38.4 
(mm Hg) 

SBC (mM/L) 24.3 + 1.67 22.9 + 1.% 23.5 + 1.6° 

O, saturation 99.3 + 0.68 99.2 + 0.84 99.2 + 0.9 
(%) 

Sodium 142.9 + 2.3 143.9 + 2.9 143.6 + 2.1 
(mmol/L) 

Potassium 3.52 + 0.3 3.77 + 0.32? 3.65 + 0.26" 
(mmol/L) 

Calcium 1.13 + 0.13 1.17 + 0.15 1.16 + 0.12 
(mmol/L) 

Lactate 2.1 + 0.66 3.4 + 0.96" 3.10 + 0.76? 
(mmol/L) 


SBC, standard blood bicarbonate. 

Data are expressed as mean values + sp. 

‘P < 0.001, com with values before deflation. 
tp < 0.01, compared with values before deflation. 


presumably used to replenish the high-energy phos-' 
phate pool, which was depleted during the period of 
ischemia to the lower extremity. The anaerobic me- 
tabolism of the ischemic limb caused an O, debt. 

When aerobic condition was reinstituted, the O, debt 


Vco, (mL/min) 
P value Male Female P value 
<0.001 158.4 + 18.5 129.8 + 20.2 <0.001 
<0.001 256.4 + 66.2 168.3 + 35.1 <0.001 
<0.001 46.5 + 41 29.2 + 12.8 0.01 


Excess VCO 9 over 12 minutes 


(ml | Rae) 
1200 


1000 





800 





female 


of excess O, consumption (Vo,) and CO, elimination (Vco,) over 12 min after tourniquet deflation between male 


was reflected as increased Vo,. The O, debt was also 
reflected in the respiratory exchange ratio. When 
aerobic condition is reinstituted, the RQ will be low 
until the O, debt has been paid. We did not observe 
a positive correlation between the duration of tourni- 

quet time and peak increase in Vo, or O, debt over 
12 min after tourniquet deflation. This is perhaps due 
to the continuous decrease in temperature in the 
nonperfused extremity, which causes a decrease in 
the metabolic rate of the ischemic skeletal muscle and 
partly protects the tissues against the harmful effects 
of anoxia (8). Haljamae and Enger (9) performed 
needle biopsies of human skeletal muscle during and 
after tourniquet ischemia of the lower extremities. 
They observed a decreased rate of metabolite accu- 
mulation and high-energy phosphate reduction with 
increasing tourniquet time. 

Several recent studies reported a significant in- 
crease in ETco, after tourniquet deflation (4-6), which 
was assumed to reflect an increase in Vco,. Using the 
Deltatrac, we were able to monitor the Vco, every 
minute and observed a significant increase in Vco, 
after tourniquet deflation. Dickson et al. (6) found no 
correlation between the duration of tourniquet time 
and increase in ETco,; however, Bourke et al. (5) 
found that tourniquet time was correlated with esti- 
mated excess CO, elimination and maximal increase 
in ETco,. Our results showed that although there 
was a weak correlation between tourniquet time and 
excess CO, elimination, there was no correlation 
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between tourniquet time and peak increase in Vcoz. 


The increase in Vco, was probably due to the release 
of accumulated acid metabolites on reperfusion of the 
extremity (9) and to a hypermetabolic state on recir- 
culation (6). 

Our arterial blood gas results show, as do those of 
others, a significant decrease in pHa contributed by a 
significant increase in Paco, and lactate (1-3). Among 
the serum electrolytes studied, only potassium levels 
increased significantly after tourniquet release; how- 
ever, the increase was mild and was within the 
clinically acceptable limits. 

In conclusion, our study demonstrates that there is 
a significant but transient increase in Vo, and Vco, 
after the release of a lower extremity tourniquet. This 
increase is significantly higher in younger male pa- 
tients compared with older female patients. A sud- 
den increase in Vco, may have detrimental effects in 
certain patients, such as patients with head injuries 
with an elevated intracranial pressure. These patients 
frequently undergo orthopedic and other procedures 
on the extremities with an pneumatic tourniquet in 
place (6). We recommend monitoring of ETco, and 
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transient increase in minute ventilation to maintain 
normocapnea. 
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Risk of Human Immunodeficiency Virus in Surgeons, 
Anesthesiologists, and Medical Students 


John M. Buergler, BA, Robert Kim, AB, Ronald A. Thisted, PhD, Stephan J. Cohn, MD, 
J. Lance Lichtor, MD, and Michael F. Roizen, MD 


Department of Anesthesia and Critical Care and Department of Statistics, University of Chicago, Chicago, Illinois 


We postulated that three factors determine the occupa- 
tional risk of infection from the human immunodefi- 
ciency virus (HIV) for surgeons, anesthesiologists, and 
medical students: first, the risk of needlestick exposure 
per year (range for surgeons 3.8-6.2, weighted average 
4.2; range for anesthesiologists 0.86-2.5, weighted av- 
erage 1.3; range for third-year medical students 0-5, 
best estimate 5); second, the risk of seroconversion from 
a needlestick exposure (0.42%-0.50%); and third, prev- 
alence of HIV in the population served (0.32%-23.6%, 
depending on geographic location). Thus, the calcu- 
lated range for occupational risk of HIV infection for a 
surgeon over a 30-yr period (assuming no change in 
HIV prevalence or benefit from protective measures) 
was 0.17%-13.9%; for an anesthesiologist, 0.05%- 
4.50%. The corresponding range of occupational risk 


for a medical student during the third year was 0.007%- 


0.59%. The range of risk is large because the variation in 
prevalence of HIV infection from one area to another is 
great. The authors validated the methodology first by 
using an 


for hepatitis. B and then by comparing the results with 
known rates of infection in the prevaccine era. ,Calcu- 
lated occupational risk of hepatitis B infection for anes- 
thesiologists was in the lower range of actual preva- 
lence of infection (calculated range 2.32%-20.6%; 
known range 6%-26%). Calculated risk versus preva- 
lence for surgeons was fairly close (7.31%-53.4% versus 
24.4%). The prevalence of HIV infection, however, is 
estimated to be increasing between 4% and.8.6% annu- 
ally, causing the 30-yr risk for surgeons to increase to 
0.32%-0.71% in low-prevalence work sites and to 


24.4%-36.4% in high-prevalence work sites. For anes- 


deficiency syndrome (AIDS) has heightened 
concern over the risk of transmitting human 
immunodeficiency virus (HIV) between patient and 


ik: increasing prevalence of acquired immuno- 
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uation, with estimates from the literature for ` 
factors in the equation, to calculate the risk of infection 


thesiologists, the 30-yr risks increase to 0.10%—-0.22% in 
low-prevalence areas and to 8.26%-13.0% in high- 
prevalence areas; for third-year medical students, the 
1-yr estimates are 0.001%~0.007% for low-risk areas and 
0.12%-0.59% for high-risk areas. Double gloving re- 
duces the risks of a needlestick exposure in surgeons by 
57%—-92% (average 80%). Thus, over 30 yr, the calcu- 
lated occupational risks for a surgeon decrease (even 
assuming a 4% annual increase in prevalence of HIV 
infection) from 0.32% to 0.06% in low-risk areas and 
from 24.4% to 5.41% in high-risk areas; the risks for an 
anesthesiologist might similarly be postulated to de- 
crease from 0.10% to 0.02% in low-risk areas and from 
8.26% to 1.71% in high-risk areas. For a third-year 
medical student in a low-risk area, the decrease is from 
0.0013% to 0.0003%, and for one in a high-risk area, the 
decrease is from 0.59% to 0.12%. Even with double 
gloving, these risks are substantially greater than those 
for other public safety officers (i.e., policemen and 
firemen). Geographic location, type of needlestick ex- 
posure (glancing versus puncture), and adherence to 
safety procedures such as double gloving may be im- 
portant determinants of actual risk. Based on the pub- 
lished data for hepatitis B infection, the calculated risk 
for HIV infection may be correct for s , under- 
estimated for anesthesiologists, and still unresolved for 
third-year medical students. More secure estimates 
could be afforded if more data were available for num- 
ber of needlesticks per year and for the reduction of risk 
by use of safety precautions. If the occupational risk of 
HIV infection for anesthesiologists is as great as that for 
surgeons, double-gloving precautions may have as 
great a benefit. 

(Anesth Analg 1992;75:118-24) 


health care professional. We estimated the range of 
occupational risk of HIV infection for surgeons, anes- 
thesiologists, and third-year medical students by re- 
viewing the literature for prevalence of disease, number 
of hours worked, rates of exposure per hour or year 
worked, rates of infection per exposure, and efficacy of 
various preventive measures. Using these values, we 
then devised equations to estimate the range of occu- 
pational risk of HIV infection for 1 and 30 yr. 
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Frequent exposure to blood and body fluids and 
frequent use of needles may increase the risk of HIV 
infection for anesthesiologists. Likewise, risk may 
also be high for third-year medical students, who 
routinely draw blood and assist during surgery and 
obstetric deliveries. Moreover, lack of familiarity with 
procedures further increases a student’s risk of per- 
cutaneous needle exposure (1,2). We also investi- 
gated the hypothesis that surgeons represent a 
higher risk group than other physicians. To test the 
accuracy of our equations, we calculated the theoret- 
ical risk of hepatitis B infection for surgeons and 
anesthesiologists and compared our estimates with 
known rates of prevalence for hepatitis B in the 
prevaccine era. As the prevalence of HIV infection is 
increasing in the United States from 4% to 8.6% 
annually, we estimated the occupational risk using 
three different rates of change in prevalence: 0%, 4%, 
and 8.6%. 

Finally, we evaluated the benefit of current pre- 
ventive measures for reducing the risk of infection. In 
doing so, we discuss the degree of confidence health 
care professionals may have in measures such as 
avoiding contact with blood and body fluids and 
double gloving for protection against occupational 
risk of infection. 


Methods 


To calculate the risk of HIV infection for surgeons, 
anesthesiologists, and°medical students, we derived 
the following formula for the probability of becoming 
HIV seropositive in a single year while serving a 
single surgical population: 


Pt = exp Xp X XS. 


In this formula, p, denotes the probability of devel- 
oping serologic indicators of HIV (“seroconversion”) 
during year t; rep denotes the risk of seroconversion 
per parenteral exposure (needlestick injury) to HIV- 
infected blood or body fluids; h, denotes the preva- 
lence of HIV-positive patients daring year ¢ in the 
surgical population of interest; and e represents the 
number of exposures per year. For surgeons, e is 
based on 1000 operating-room hours per year. Fi- 
nally, s is a factor between 0 and 1 that represents the 
effect of taking safety precautions. To assess the effect 
of precautions that reduce exposure rates by 80% for 
instance, we set s = 0.20. 

In general, the n-year risk for seroconversion is 
given by 


pn) = 1 — [0 — pl — pà = (L — pa). 


If HIV prevalence remains unchanged over a period 
of n years, then p, does not change, and the formula 


BUERGLER ET AL. 119 
RISK OF HIV IN MEDICAL PERSONNEL 


simplifies. In this case, the n-year risk can be calcu- 
lated as 


pdn) = 1 — (1 — py)", 


where p, is the risk in year 1 calculated from the first 
formula in this section. Thus, assuming no increase 
in HIV prevalence, the probability of seroconverting 
in 30 yr is given by p.(30) = 1 — (1 — p)”. 

If HIV prevalence grows at a fixed rate per year, 
then 


= (1 + yy. = (1 + yy? X h, 


where y is the annual rate of growth, limited so that 
h, never exceeds 1. In this case, the general formula 
for n-year risk must be used, as p, changes each year. 
We denote the n-year risk under this assumption by 
p(n). By varying the assumed prevalences, rates of 
growth, and effect of taking precautions, we can 
assess the range of plausible risks to which physi- 
cians in different specialties, practices, and locations 
might reasonably expect to be exposed. 

We then reviewed the literature to obtain the 
necessary data, searching the following data bases: 
Medline (Knowledge Finder software for 1986-1991), 
for articles on risk of infection for surgeons, anesthe- 
siologists, and medical students; Science Citation 
Index (Institute for Scientific Information, Philadel- 
phia, Pa.) for 1978-1990; and Medline (National Li- 
brary of Medicine, Bethesda, Md.) for 1984-1990. The 
second Medline search used the key words and 
phrases anesthetist, anesthesiologist, medical stu- 
dent, seroconversion, and human immunodeficiency 
virus. Because of discrepancies in data from these 
different sources, we calculated ranges for the risk of 
HIV infection. 

To estimate exposure rate, we used a weighted 
average, derived from individual studies in which 
reported frequency of needlestick exposures varied. 
For example, if 42 anesthesiologists had a mean 
exposure rate of 0.86 and 16 anesthesiology residents 
had a mean exposure rate of 2.5, the weighted 
average exposure rate was 1.3. 

To determine the accuracy of our AR and to 
verify our data, we used the same equation to calcu- 
late the theoretical risk of infection for another virus, 
hepatitis B. We compared these estimates with actual 
rates of prevalence reported in the literature. 


Results 
Risk of HIV Infection 


According to a combination of studies, the risk of HIV 
infection after mucous membrane exposure or paren- 
teral inoculation of HIV-infected blood or body fluids 
is approximately one seroconversion per 200 inci- 
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Table 1. Risk of HIV Infection for Surgeons Over a 1- and 30-Year Period, Assuming 1000 Operating Room Hours, 
4.2 Needlesticks* Each Year, and 0%-8.6% Annual Growth in HIV Prevalence 


Seroconversion With single gloves With double gloves 

pst Poe PIY eee 30-yr risk by growth rates 30-yr risk by growth rates 
exposure to patients in : —— 
infected blood’ population® 1-yr risk O%/yr 4%lyr 8.6%/yr 1-yr risk O%/yr 4%lyr 8.6%/yr 

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

0.42 0.32 0.006 0.17 0.32 0.71 0.001 0.03 0.06 0.14 

3.0 0.053 1.58 2.93 6.49 0.011 0.32 0.59 1.33 

5.0 0.088 2.61 4.83 10.6 0.018 0.53 0.98 2.21 

23.6 0.416 11.8 20.9 31.6 0.083 2.47 4.57 7.27 

0.50 0.32 0.007 0.20 0.38 0.85 0.001 0.04 0.08 0.17 

3.0 0.063 1.87 3.47 7.68 0.013 0.38 0.70 1.58 

5.0 0.105 3.10 5.72 125 0.021 0.63 k17 2.62 

23.6 0.496 13.9 24.4 36.4 0.099 2.93 5.41 8.60 


“Range 3.8-6.2; see text and References 2, 4, and 10. 
"Range in the literature; see text and References 3-5. 
“Range 0.32%-23.6%; see text and References 6-8. 


dents (0.5%) (3). Two other sources made similar 
estimates: one of 0.42% (4), another of 0.40% (5). 

With regard to the prevalence of HIV infection in 
the general surgical population, analysis of admis- 
sions from the emergency room of one metropolitan 
East Coast hospital showed a rate of 5% (6); however, 
other studies estimate prevalence to be <3%, de- 
pending on geographic location (7). For example, 
reported rates of HIV infection were as low as 0.32% 
for hospitals in the Midwest (8) and as high as 23.6% 
for hospitals in San Francisco (7). The rate of HIV 
prevalence in the population to which physicians are 
exposed may increase or remain stable, with the 
range of increase in the United States estimated at 
4%-8.6% annually (9).* 

On average, surgeons have 4.2 parenteral injuries 
per 1000 operating room (OR) hours, the approximate 
number of hours a surgeon spends in the OR in 1 yr 
(2,4,10). Substituting these figures into our formula 
and assuming no increase to an 8.6% increase in 
prevalence, we found the 30-yr risk of HIV infection 
for surgeons who do not double glove to range 
between 0.17% and 0.7% for low-prevalence work 
sites and between 13.9% and 36.4% for high- 
prevalence work sites (Table 1). 

For anesthesiologists averaging 1.3 parenteral in- 
juries a year (2,11) and assuming a 0% to 8.6% 
increase in prevalence, the ranges for 30-yr risk of 
HIV infection without double gloving were 0.05%- 


*The Centers for Disease Control estimated the prevalence of 
HIV infection in the U.S. population to be approximately 750,000 in 
January 1986 and 1,000,000 in July 1989, an annualized increase of 
8.6%. This rate may decrease in the future as awareness of 
preventive measures increases and precautions are taken or as 
early treatment with AZT or alternatives decreases seroconversion; 
the rate may increase as treatment prolongs the life span of 
HIV-infected patients. 


0.22% in low-prevalence work sites and 4.5%-13.0% 
in high-prevalence work sites (Table 2). This value is 
approximately three times less than that for surgeons 
and is directly related to estimated difference in 
needlestick exposures. 

Medical students sustain zero to five percutaneous 
needlesticks in the third year of medical school, a 
time at which they are first required to perform tasks 
exposing them to infectious blood (12). Without the 
use of gloves, and assuming five percutaneous 
needlesticks per year, we estimated the risk of HIV 
infection to be 0.007%-0.59%; assuming one percuta- 
neous needlestick injury per year, the risk would be 
0.001%-0.12% (Table 3). 


Testing the Formula and Estimates for Factors in 
the Formula Using Data on Hepatitis B 


The prevalence of hepatitis B infection, as indicated 
by positive serologic markers of the virus, is esti- 
mated to be 3%-5% of the general population (13,14). 
Using the average of 1.3 parenteral injuries a year for 
anesthesiologists, we calculated their incremental 
risk of hepatitis B infection to be 2.28%~20.6% over a 
10-yr period (Table 4). The actual reported prevalence 
of hepatitis B infection among anesthesiologists is 
10%-30% (15),t or an incremental prevalence due to 
occupational risk of 6%-26%. Our calculations are at 
the lower range of actual occupational risk of hepati- 
tis B for anesthesiologists. 

We calculated the 10-yr occupational risk of hepa- 


tThe reported prevalence did not include the length of time the 
anesthesiologists or surgeons surveyed were in practice, but the 
mean could be estimated to be approximately 10 yr in the prevac- 
cine era (16,17). 
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Table 2. Risk of HIV Infection for Anesthesiologists Over a 1- and 30-Year Period, Assuming 1.3 Needlesticks* Each 


Year and 0%-8.6% Annual Growth in HIV Prevalence 


Seroconversion Without gloves With double gloves 
per parenteral HIV-infected ET 30-vr risk b ie cates 
exposure to patients in a ca Bla ee ee a A A 
infected blood’ population‘ 1-yr risk O%/yr 4%/yr 8.6%/yr 1-yr risk O%/yr 4%lyr 8.6%/yr 
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 
0.42 0.32 0.002 0.05 0.10 0.22 <0.001 0.01 0.02 0.04 
3.0 0.016 0.49 0.91 2.05 0.003 0.10 0.18 0.41 
5.0) 0.027 0.82 1.52 3.40 0.005 0.16 0.31 0.69 
23.6 0.129 3.79 6.98 11.0 0.026 0.77 1.44 2.31 
0.50 0.32 0.002 0.06 0.12 0.26 <0.001 0.01 0.02 0.05 
3.0 0.020 0.58 1.09 2.44 0.004 0.12 0.22 0.49 
5.0 0.033 0.97 1.81 4.03 0.007 0.19 0.36 0.82 
23.6 0.153 4.50 8.26 13.0 0.031 0.92 1.71 2.74 
“Range 0.86~2.5; see text and References 2 and 11. 
Range in the literature; see text and References 3-5. 
‘Range 0,32%-23.6%; see text and References 6-8. 
Table 3. Risk of HIV Infection for Medical Students During the Third Year of Medical School, Assuming 1 or 5 
Needlesticks* Each Year ~ 
Seroconversion per Without gloves With double gloves 
parenteral exposure HIV-infected 
to infected blood” patients in 1 Needlestick 5 Needlesticks 1 Needlestick 5 Needlesticks 
(%) population" (%) (%) (%) (%) (%) 
0.42 0.32 0.0013 0.0057 0.0003 0.0013 
3.0 0.013 0.0630 0.0025 0.013 
5.0 0.021 0.11 0.0042 0.021 
23.6 0.099 0.50 0.0198 0.099 
0.50 0.32 0.0016 0.0080 0.0003 0.0016 
3.0 0.0150 0.075 0.003 0.0150 
5.0 0.0250 0.13 0.005 0.0250 
23.6 0.12 0.59 0.0236 0.12 


“Range 0-5; see text and References 2 and 12. 
’Range in the literature; see text and References 3-5, 
‘Range 0.32%-23.6%; see text and References 6-8. 


titis B for surgeons who averaged 4.2 parenteral 
injuries a year to be 7.35%-53.4% (Table 5). These 
figures span the actual reported prevalence of 28.4% 
among surgeons attending American Medical Asso- 
ciation conventions at three locales (16),t or a preva- 
lence greater than that in the general population of 
24.4%. 

The risk of hepatitis B for third-year medical stu- 
dents ranged from 0.18% to 8.75% (Table 6). These 
figures correspond to the reported prevalence of 
hepatitis B in noninoculated physicians at the start of 
surgery or anesthesiology residencies (13,14,16-18) 
and are compatible with values reported near or at 
the start of anesthesiology residency (9.4%), after 
exposure to both the third- and fourth-year medical 
curricula (18). 

Use of universal precautions should—and double 
gloving does—reduce the risk of percutaneous 
needlestick exposure in surgeons by 57%-92% (aver- 


age 80%) (19,20). For every 1% increase in the use of 
universal precautions on a medical inpatient floor, 
the risk of actual exposure decreased by approxi- 
mately 1% (21). Although most exposures on a med- 
ical inpatient floor are not related to needlesticks, 
needlestick exposures decreased at a similar rate; 
these data are the best we have on the effectiveness 
of universal precautions in reducing the risk of 
exposure for surgeons and anesthesiologists. Al- 
though following universal precautions is far from 
universal now (22), education increases the use of 
precautions to >80% (22,23). With an 80% reduction 
in risk with the universal use of precautions, and 
assuming the 4% median rate of annual increase in 
the prevalence of HIV infection, the range of risk of 
infection over 30 yr for surgeons is 0.06%-5.41% and 
for anesthesiologists, 0.02%-1.71%. For the medical 
student, the risk is 0.0003%-0.12% for the third year 
(Tables 1-3). 
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Table 4. Risk of Hepatitis B Infection for Nonimmunized 
Anesthesiologists Over a 10-Year Period, Assuming No 
Increase in Prevalence and an Average of 1.3 


Needlesticks* Each Year 
Seroconversion 
per parenteral] Infected 
exposure to patients in l-yr risk of 10-yr risk of 
infected blood? population? infection infection‘ 
(%) (%) (%) (%) 
6 3 0.23 2.32 
4 0.31 3.08 
5 0.39 3.83 
20 3 0.78 7.53 
4 1.04 9.93 
5 1.30 12.3 
35 3 1.37 12.8 
4 1.82 16.8 
5 2.28 20.6 


“Range 0.86--2.5; see text and References 2 and 11. 

Range in the literature; see text and Reference 13. 

“Data for reported prevalence did not include length of time anesthesi- 
ologists were in practice, but the mean could be estimated to be approxi- 
mately 10 yr in the prevaccine era (16,17). 


Table 5. Risk of Hepatitis B Infection for Nonimmunized | 


Surgeons Over a 10-Year Period, Assuming No Increase 
in Prevalence, 1000 Operating Room Hours, and an 
Average of 4.2 Needlesticks* Each Year 


Seroconversion 
per parenteral Infected 
exposure to patients in l-yr risk of 10yr risk of 
infected blood’ population? infection infection‘ 
(%) (%) (%) (%) 
6 3 0.76 7.31 
4 1.01 9.63 
5 1.26 11.9 
20 3 2.52 22.5 
4 3.36 29.0 
5 4.20 34.9 
35 3 4.41 36.3 
4 5.88 45.5 
3 7.35 53.4 


“Range 3.8-6.2; see text and References 2, 4, and 10. 

Range in the literature; see text and Reference 13. 

“Data for reported prevalence did not include length of time surgeons 
were in ice, but the mean could be estimated to be approximately 10 yr 
in the prevaccine era (13,16). 


Discussion 


The accuracy of our formula and estimates in the 
literature for the factors in the formula seem to be 


confirmed by the fact that the range we calculated for ' 


risk of hepatitis B infection for surgeons agrees with 
the actual reported rate of prevalence in the prevac- 
cine era. Results of studies of the increased risk of 
hepatitis B infection with longer duration of exposure 
are conflicting (16,17). Such studies do not alter the 
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Table 6. One-Year Risk of Hepatitis B Infection for 
Nonimmunized Third-Year Medical Students, Assuming 
1 or 5 Needlesticks? Each Year 


Seroconversion 
. per parenteral Infected 
exposure to patients in 

infected blood? population’ 1 Needlestick 5 Needlesticks 

(%) (%) (%) (%) 

6 3 0.18 0.90 

4 0.24 1.20 

5 0.30 1.50 

20 3 0.60 3.00 

4 0.80 4.00 

5 1.00 5.00 

35 3 1.05 5.25 

4 1.40 7.00 

3 1.75 8.75 


“Range 0-5; see text and References 2 and 12. 
Range in the literature; see text and Reference 13. 


validity of our formula; they simply increase the 
range of uncertainty when it is applied. Estimates for 
the risk of infection from a needlestick are only 
that—estimates. Crude though they may be, they are 
the best estimates to be obtained for both hepatitis B 
and HIV inoculae. The reported prevalence of hepa- 
titis B among anesthesiologists is at the high end of 
our calculated range, possibly because of underesti- 
mation of the frequency of needlesticks or because 
needlestick injuries to anesthesiologists are of a risk- 
ier nature (more direct, fewer glancing). If so, the 
estimated risk of HIV infection for anesthesiologists 
would also be too low. The actual risk of HIV infec- 
tion for anesthesiologists may be higher than our 
calculated range of 0.05%-4.50% over a 30-yr period 
in a population without change in HIV prevalence. 

The risk of infection may not be higher for sur- 
geons than for anesthesiologists. Actual risk may be 
less than that perceived for surgeons but higher than 
that perceived for anesthesiologists. Certain special- 
ties of surgical practice may confer different risks than 
others, but such was not evident from the literature. 
We speculate that one explanation for miscalculation 
of risk for surgeons versus anesthesiologists may be 
that the two sustain different types of needlestick 
injuries. The glancing injuries surgeons experience 
during closure with sutures are often superficial and 
do not penetrate deeply. In contrast, injuries to 
anesthesiologists frequently involve direct needle- 
stick punctures that penetrate deeply and represent 
greater exposure to blood or body fluids. Although 
surgeons may sustain more needlestick injuries than 
do anesthesiologists, their degree of exposure to 
infected blood or fluids may not be as great per 
exposure. 
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Medical students, who are inexperienced in per- 
forming common procedures such as drawing blood, 
are obvious candidates for accidental needlesticks 
and would be expected to sustain more such injuries 
than do surgeons or anesthesiologists. Jones (12) 
reported that 21% of 42 beginning fourth-year medi- 
cal students at Cornell University had been stuck 
accidentally by a needle during their third year of 
medical school. Because applicability of results was 
limited by the small sample size of the study, more 
data need to be gathered to assess accurately the risks 
of HIV or hepatitis B infection to third-year medical 
students. 

Although many studies report a low risk of HIV 
transmission from patient to physician (3-5), the 
potential for HIV infection still exists. Clearly, in the 
prevaccine era, the risk for infection with hepatitis B 
was greater than the risk for infection with HIV is 
now (compare Tables 1-3 with Tables 4-6); but the 
consequences of infection with hepatitis B are not 
perceived to be as devastating as are those for HIV 
infection. Our calculated risk of HIV infection for 
anesthesiologists over a 30-yr period ranges from 
0.05% to 13.0%. Specific factors, however, influence 
and determine the actual degree of risk. For example, 
geographic location is important: a physician practic- 
ing where the prevalence of HIV-infected patients is 
reported at 0.32% faces a much lower risk (0.05%- 
0.22%) than the practitioner in an area where the 
prevalence rate is 23.6% (risk 4.5%—13.0%). 

Physicians can decrease risk further by taking 
precautions to guard against exposure to blood and 
body fluids. For example, using two pairs of gloves 
increases protection against exposure, because the 
puncture rate is 1 to 12 times greater (average 5) when 
only one pair is used (19,20). The risks to anesthesi- 
ologists and surgeons over a 30-yr career range from 
1 in 10,000 for someone following universal precau- 
tions and serving a low-risk population to 1 in 3 for 
someone not using precautions and serving a high- 
risk population. A risk of 1 in 100 is estimated for 
those anesthesiologists using precautions while serv- 
ing a high-risk population. These risks are consider- 
ably greater than the yearly risk of fatality to other 
public health and safety officers, estimated at 1 in 
4000 for a California police officer and 1 in 10,000 for 
a California firefighter (1,24). 

The tables do not present ranges of risk within 
predetermined confidence limits; rather, they show 
the estimated risk in different geographic areas with 
and without the use of precautions. Studies have also 
shown that in the past, most health care professionals 
have not adhered strictly to precautions to prevent 
exposure to blood and body fluids (22). A substantial 
proportion of accidental exposures might have been 
avoided had such precautionary measures been 
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taken. Through immunization, most anesthesiology 
and surgery residents have reduced their risk of 
hepatitis B infection since the survey periods cited 
(13,14,16-18). Although physicians face the risk of 
HIV infection, the extent and reduction of that risk 
depend on various factors. Physicians can and do 
lower risk when educated to follow safe procedures 
(22-28). 

Our risk calculations are based on extrapolations 
from data involving other specialties. For example, 
although double gloving may decrease risk for glanc- 
ing injuries sustained by surgeons during suturing 
(19,20), we do not know whether double gloving is 
equally as effective in decreasing the risk for the 
injuries commonly sustained by anesthesiologists 
during needle recapping. In fact, if double gloving 
induces clumsiness, it may indeed increase needle- 
stick injuries. Further, the advisability of not recap- 
ping has not yet been tested—perhaps direct needle- 
stick injuries to other medical personnel will be 
increased when practitioners discard an unrecapped 
needle. 

Our calculations reveal that the occupational risk 
of HIV infection for anesthesiologists is not trivial. 
Still, the precise degree of risk protection provided by 
precautionary measures is not clear. Calculation of 
risk alone, however precise, may not be sufficient. 
We look forward to studies of the effectiveness of 
preventive measures for reducing risk of HIV infec- 
tion to anesthesiologists. Such studies may be the 
best inducements for more complete compliance with 
precautionary procedures and, ultimately, for the 
greatest reduction in risk. 
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Case REPORTS 


Coagulopathy After Reinfusion of Autologous Scavenged 


Red Blood Cells 


David J. Murray, MD, Kurt Gress, MD, and Stuart L. Weinstein, MD 
Departments of Anesthesia and Orthopedics, University of Iowa Hospitals and Clinics, Iowa City, Iowa 


blood transfusion (1-5). Coagulopathy, one of 

the potential hazards of reinfusing scavenged 
autologous blood, is an infrequent occurrence when 
automated cell processing systems are used to collect, 
anticoagulate, and wash scavenged red blood cells 
(1-5). Bleeding problems associated with autologous 
red blood cell administration are believed to be pri- 
marily a result of dilutional rather than disseminated 
coagulopathy (6-9). When disseminated intravascu- 
lar coagulopathy is observed during the reinfusion of 
scavenged autologous blood, concomitant problems 
such as shock and tissue trauma, rather than the 
autologous red blood cells per se, are the usual causes 
of the coagulopathy (6,7). We describe two patients 
who experienced disseminated coagulopathy after 
reinfusion of autologous scavenged red blood cells 
collected during elective surgery for scoliosis correc- 
tion. 


C ell scavenging techniques reduce homologous 


Case Report 
Patient 1 


A 12-yr-old, 22-kg boy with cerebral palsy and spastic 
quadripariesis required Harrington rod insertion for 
progressive scoliosis. There was no history sugges- 
tive of a bleeding disorder. A preoperative hemato- 
logic profile included a hematocrit of 40%, normal 
prothrombin time (PT), and activated partial throm- 
boplastic time (aPTT) of 12 and 24 s, respectively (PT 
normal range 10-13 s, aPTT normal range 22-33 s), 
fibrinogen concentration of 340 mg/dL, and platelet 
count of 354,000/mm’. 

After an inhaled induction of anesthesia, the tra- 
chea was intubated. An intraarterial catheter and a 
urinary catheter were placed before prone position- 
ing for the operative procedure. Anesthesia was 
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maintained with halothane and nitrous oxide 
throughout the operative procedure. Crystalloid so- 
lutions were used as intravenous replacement fluids 
until blood loss was estimated at 600 mL and a 
hematocrit of 28% was recorded. The first unit of 
packed red cells was administered during the second 
hour of operation. At the conclusion of the third hour 
of operation, 2200 mL of crystalloid (0.9 NaCl and 
lactated Ringer’s solution) and 2 U of packed red 
blood cells had been administered for an estimated 
blood loss of 1200 mL (Table 1). Monitoring of arterial 
blood pressure, urine output, and arterial blood gases 
throughout the 3-h operative procedure confirmed a 
stable hemodynamic situation with normal acid-base 
balance. 

Surgical hemostasis was evaluated after blood loss 
was estimated at one blood volume. Minimal bleed- 
ing from wound edges and clot formation on the 
surgical field suggested that hemostasis was ade- 
quate, but because blood loss equaled one blood 
volume, a coagulation profile (PT, aPTT, fibrinogen 
level, and platelet count) was obtained. The clinical 
impression of adequate hemostasis was confirmed by 
the coagulation profile, which indicated a dilutional 
decrease in coagulation factors and platelets (PT 14 s, 
aPTT 29 s, fibrinogen level 160 mg/dL, platelet count 
186,000/mm”*). The hematocrit was 30% (Table 1). 

As wound closure was started, autologous red 
blood cells scavenged from the surgical field by 
means of a Hemonetics Cell Saver H system were 
processed for reinfusion. A plastic suction device 
with a heparinized saline solution added at the suc- 
tion tip had been used to aspirate blood from the 
surgical field. Red blood cells (300 mL) collected 
during the 3-h operation were washed with 1500 mL 
of normal saline solution. After the wash and centri- 
fuge cycle, 1 U of autologous packed red blood cells 
was administered over a period of 20 min by means of 
a filtered blood administration set. After autologous 
infusion, a marked increase in bleeding from the 
surgical field was noted. Wound edges previously 
hemostatic were minimally responsive to electrocau- 
tery. No clot formation was noted. At the same time, 
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Table 1. Summary of Blood Loss in Two Patients Undergoing Surgical Correction for Scoliosis 


Hematologic profile 


Fibrino gen 
(mg/dL) 


Platelets 
(per mm?) 


aPTT (s) 
(normal range 
22-33 s) 


PT (s) 
(normal range 
10-12 s) 


Fluid and Hematocrit 
blood replacement (%) 


Estimated 
blood volume 
loss 


(mL) 


Estimated 
blood loss 


Time of sample 


Patient 1. (12 yr, 22 kg, estimated blood volume 1500 mL) 


0 
„4+ 


400 mL autologous RBC 


2 U pRBC 
4 U WB;4U 


0 
0.8 
1.0 


0 
1200 
1500 


Preoperative (0 h) 
Intraoperative (3 h) 


Hemoglobinuria and abnormal 


170 


69,000 


16 


32 


* I 


pheresed platelet (8 U) 


2.7 


4000 


surgical hemostasis (3.6 h)* 
Immediate postoperative (5 h) 


340 
160 

19 
160 


28 
35 
>150 
35 


12 
13 
20 
15 


0 
-+ 


600 mL autologous RBC 


4 U FFP; 2 U pRBC; 2 U WB; 


4 U pRBC 


1.2 
Lo 


0 
2.5 


0 
2400 
3000 
5000 


surgical hemostasis (3.8 h)" 
Immediate postoperative (6 h) 


Hemogiobinuria and abnormal 


Intraoperative (3 h) 


Patient 2. (18 yr, 30 kg, estimated blood volume 2100 mL) 
Preoperative (0 h) 


1 pheresed platelet (8 U) 


pRBC, packed red blood cells; RBC, red blood cells; PT, prothrombin time; aPTT, activated partial thromboplastin time; FFP, fresh frozen plasma; WB, whole blood. 


“Coagulation tests obtained after increased blood loss on surgical field. 
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red urine was noted in the urimeter. A centrifuged 
blood sample confirmed hemoglobin in the plasma. 
The blood bank was alerted of a possible transfusion 
reaction, and blood for a plasma hemoglobin, repeat 
cross-match, as well as PT, aPTT, platelet count, and 
fibrinogen level, was sent to the laboratory. Blood for 
coagulation tests was obtained 40 min after the pre- 
vious coagulation profile (Table 1). Despite continued 
bleeding, surgical drains were placed, wound closure 
was completed, and a pressure dressing was applied. 
The patient was taken to the recovery room, where 
the trachea remained intubated and ventilation re- 
mained controlled. 

Coagulation results obtained at the onset of in- 
creased bleeding confirmed coagulopathy (PT 18 s, 
aPTT 75 s, fibrinogen level 50 mg/dL, platelet count 
46,000/mm”, plasma hemoglobin 110 mg%) (Table 1). 
Additional crystalloid was administered intrave- 
nously in the recovery room while awaiting platelets, 
fresh-frozen plasma, and blood from a repeat cross- 
match. With persistent bleeding from surgical drains, 
blood-saturated dressings, and a hematocrit of 15%, 
the patient was returned to the operating room for 
reexploration of the wound. Over the course of the 
next 90 min, a single-donor platelet unit (equivalent 
to eight single adult platelet units), 4 U of whole 
blood, and 4 U of fresh-frozen plasma were adminis- 
tered. Diffuse microvascular bleeding from the surgi- 
cal site gradually abated. The wound was closed and 
the patient was transferred to the intensive care unit. 
A hematology and coagulation profile on arrival in 
the pediatric intensive care unit indicated a PT and 
aPTT of 16 and 48 s, respectively, and a platelet count 
of 69,000/mm° and fibrinogen level of 170 mg/dL. 
Hematocrit was 32% (Table 1). In vitro cross-matches 
of all donor units transfused were compatible with 
the recipient, and Coomb’s testing was negative. 
Scant sanguineous drainage from drains changed to 
serous drainage over the next 24-h period. The tra- 
chea was extubated the following morning, and the 
patient spent the next 48 h in the intensive care unit. 
Over the next 36 h, coagulation tests became normal. 
Repeat coagulation tests during a 10-day hospital stay 
were normal. On postoperative day 20, the patient 
was discharged from the hospital. 


Patient 2 


An 18-yr-old, 30-kg male patient with a history of 
myelomeningocele and a T-10 sensory level required 
posterior spinal stabilization for progressive scoliosis. 
This patient’s history was negative for a bleeding 
disorder. Previous orthopedic and urologic surgery 
had been uncomplicated. Preoperative coagulation 
tests were normal (PT 12 s, aPIT 28 s, platelet count 
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235,000/mm*). A preoperative hematocrit was 36%, 
and fibrinogen level was 283 mg/dL. 

After intravenous induction of anesthesia with 
thiopental, anesthesia was maintained with nitrous 
oxide and isoflurane. After tracheal intubation, a 
radial artery catheter and urinary catheter were 
placed before positioning the-patient prone for the 
operative procedure. During the operation, a He- 
monetics Cell Saver Il was used to collect blood from 
the operative field. The autologous cells were mixed 
with a dilute heparin solution and aspirated to a 
filtered reservoir by means of a plastic suction device. 

Over the initial 3 h of operation, intravenous fluid 
replacement had included 2500 mL of crystalloid and 
4 U of packed red blood cells for blood loss estimated 
at 2.0 L. Arterial blood pressure, urine output, re- 
peated analysis of arterial blood gases, and serial 
hematocrits indicated a stable intraoperative course. 
Surgical hemostasis was judged adequate, but be- 
cause blood loss was more than one blood volume, 
coagulation tests were obtained. A PT and aPTT of 
13 and 35 s, respectively, platelet count of 140,000/ 
mm?°, and fibrinogen level of 160 mg/dL were re- 
ported 30 min later (Table 1). 

The operative procedure was close to completion. 
Autologous red blood cells, 600 mL collected during 
the operation, were processed by washing and cen- 
trifuging the scavenged cells with 2 L of normal saline 
solution. The scavenged red blood cells were then 
reinfused by means of a filtered blood administration 
set. Fifteen minutes later, red urine was noted. Co- 
incidentally, surgical bleeding increased. The absence 
of clot formation and persistent microvascular bleed- 
ing despite the use of electrocautery and suture 
ligation suggested coagulopathy. Blood for a plasma 
hemoglobin, coagulation profile, and repeat cross- 
match were sent to the laboratory. A PT and aPTT of 
20 s and >150 s, respectively, fibrinogen level of 
19 mg/dL, and platelet count of 19,000/mm? were 
reported 40 min later (Table 1); the hematocrit was 
28%. Plasma hemoglobin and fibrin degradation 
products reported 3 h later were 94 mg/dL and >40, 
respectively. Two units of fresh-frozen plasma, an 
additional 2 U of packed red blood cells, and a 
single-donor pheresed platelet unit were adminis- 
tered, but increased bleeding persisted. An addi- 
tional 2 U of fresh-frozen plasma and 2 U of whole 
blood were administered over the next 90 min for 
continued microvascular bleeding. Clinical hemosta- 
sis gradually improved with this therapy, wound 
closure was completed, and the patient was trans- 
ferred to the intensive care unit. The hematologic and 
coagulation profile on arrival in intensive care indi- 
cated a hematocrit of 30%, PT of 15 s, aPTT of 35 s, 
platelet count of 94,000/mm°, and fibrinogen level of 
160 mg/dL. A repeat cross-match was negative, and 
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no red blood cell antibodies were detected on a.repeat 
antibody screen. 

An additional unit of packed red blood cells was 
administered during the 48 h the patient remained in 
intensive care. The hemoglobinuria cleared in the 
first 4 h postoperatively. The PT and aPTT were 
normal by the second postoperative day without 
additional coagulation factor replacement. Platelet 
count returned to normal over the next 72 h. 


Discussion 


Disseminated coagulopathy is difficult to differentiate 
from dilutional coagulopathy in situations of major 
blood loss without in vitro hemostatic test results 
(10-12). After one blood volume loss, hemostasis was 
judged adequate in both patients, and coagulation 
profiles indicated a dilutional decline in platelets and 
coagulation factors (10). Abnormal surgical hemosta- 
sis became apparent after autologous red blood cell 
infusion. The temporal relation among infusion of 
autologous cells, hemoglobinuria, increased micro- 
vascular bleeding, and in vitro coagulation test 
changes suggests that autologous red blood cells led 
to coagulopathy. The marked decline in platelet 
count, fibrinogen level, and prolongation of PT and 
aPTT, in association with a relatively small volume of 
autologous cells, suggests disseminated, rather than 
dilutional, coagulopathy (10,13). If a hemolytic trans- 
fusion reaction caused the coagulopathy, repeat 
cross-matching and screening for red blood cell anti- 
bodies would probably have detected the problem. If 
inadequate tissue perfusion had been the cause of the 
coagulopathy, an unstable intraoperative course, 
suggested by arterial blood pressure measurements, 
acidosis, hypoxia, or oliguria, would have been ex- 
pected during the perioperative period. 

Red blocd cells obtained from intraoperative scav- 
enging techniques have been cited as a potential 
trigger for coagulopathy, but in most laboratory and 
clinical settings, multiple blood volume exchange is 
required before the development of a coagulopathy 
(6-9). A recheck of the scavenging system in both 
patients confirmed that proper suctioning, appropri- 
ate concentrations of heparin, and suitable type and 
volume of wash solutions (normal saline solution) 
were used to aspirate, wash, and centrifuge red blood 
cells in both patients (14,15). Scavenged red blood 
cells should be aspirated from the surgical field at the 
lowest possible suction power. In both patients, 
suction power was maintained at 300 mm Hg 
throughout red blood cell scavenging (a suction level 
at the upper limit recommended by manufacturers). 
In addition, red blood cells were washed in both 
patients with five times and three times the volume of 
normal saline solution, respectively, rather than six 
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times the volume of red blood cells recommended for 
orthopedic procedures (14,15). Perhaps a combina- 
tion of too vigorous suction, inadequate wash cycle, 
and red blood cell damage during surgical dissection 
contributed to hemoglobinuria and coagulopathy in 
both patients. 

These two patients illustrate the potential for dis- 
seminated coagulopathy after reinfusion of even a 
small volume of washed scavenged red blood cells. 
Activation of coagulation by damaged erythrocytes or 
by mediators released by platelets or leukocytes is the 
probable cause of coagulopathy (13,16,17). Autolo- 
gous erythrocyte stroma can act as thromboplastin, 
initiating disseminated coagulopathy in animal mod- 
els (18,19). A similar mechanism is believed to be 
partially responsible for the coagulopathy of immu- 
nologically mediated hemolytic transfusion reactions 
(19). The hemoglobinuria and elevated plasma hemo- 
globin indicate that the reinfused red blood cell 
concentrate contained damaged red blood cells and 
perhaps other debris that could act as thromboplas- 
tinlike substances and initiate disseminated coagula- 
tion. Bull and Bull (16) described a salvaged blood 
syndrome but only in patients who required major 
vascular surgery. In vivo animal studies suggest 
‘““mechanochemical” activation of platelets and leuko- 
cytes can cause disseminated coagulopathy (13,17). 
The presence of hemoglobinuria in our two patients 
who had orthopedic surgery suggests a different 
mechanism of coagulopathy than in the patients 
identified by Bull and Bull (16) with “salvaged blood 
syndrome.” 

In dilutional coagulopathy, clinical hemostasis re- 
mains normal until more than one blood volume has 
been replaced by packed cells (10). Abnormal surgical 
hemostasis gradually develops until coagulation fac- 
tor replacement is indicated (10,11). In contrast, dis- 
seminated coagulopathy often develops rapidly, and 
multiple blood components may be required to 
achieve effective surgical hemostasis (11,12). These 
two patients illustrate the multiple blood components 
that are required when disseminated coagulopathy is 
the cause of abnormal hemostasis.Although coagula- 
tion tests helped establish the diagnosis of dissemi- 
nated coagulopathy, fresh-frozen plasma, platelet 
concentrates, and whole blood were titrated until 
surgical hemostasis improved, as judged by clot 
formation and decreased microvascular bleeding. De- 
spite the presence of adequate surgical hemostasis in 
the perioperative period, in vitro coagulation test 
abnormalities persisted in the postoperative period in 
both patients. 

During posterior spinal stabilization surgery, pa- 
tients with osteopenic bone secondary to neuromus- 
cular disease have greater operative blood loss than 
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patients with idiopathic scoliosis (20). In both of our 
patients, increased bone and tissue debris may have 
been aspirated during autologous scavenging, and, 
theoretically, more coagulation factor activation and 
red blood cell damage are possible during operation 
(20,21). In 1982, Flynn et al. (1) reported decreased 
homologous transfusion requirements when intraop- 
erative scavenging techniques were used during or- 
thopedic surgical procedures, but 5 of 97 (5%) pa- 
tients experienced transient hemoglobinuria without 
coagulopathy. When autologous red blood cell scav- 
enging is utilized in orthopedic procedures, the wash 
cycle is believed to be effective in the removal of 
tissue debris and hemolyzed red cells (14,15), but as 
these two patients illustrate, washing may not pre- 
vent coagulopathy. The limited yield of autologous 
scavenging techniques and the bleeding complica- 
tions in these two patients led us to discontinue the 
practice of autologous scavenging in patients with 
severe neuromuscular disease and osteopenic bone 
who require major spinal surgery. Whether our deci- 
sion applies to other institutions remains to be deter- 
mined. 
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recognized method of alleviating intractable pain 

in cancer patients (1,2). Several implantable sys- 
tems have been developed to facilitate delivery of 
opioids on a long-term basis (3). Some of these 
devices incorporate a drug reservoir to eliminate the 
need for frequent injections and externalized hard- 
ware. When refilling the reservoir, there is the poten- 
tial for a misplaced injection of a relatively large dose 
of opioid. This may occur despite the presence of 
alarm features. This report describes a case of an 
accidental massive, nonfatal overdose of subcutane- 
ous morphine that occurred in the course of refilling 
the reservoir of a Medtronics Synchromed infusion 


pump. 


[ioga morphine is an effective and well- 


Case Report 


A 64-yr-old woman (weight 57 kg, height 164 cm) 
underwent implantation of a Medtronics Syn- 
chromed infusion pump (Figure 1) with an intrathecal 
catheter and was scheduled for a follow-up visit to 
refill the pump reservoir 12 days postoperatively. The 
patient had a history of widely metastatic renal cell 
carcinoma resulting in severe lumbar pain that was 
poorly controlled with oral pharmacotherapy (sus- 
tained-release morphine, 90 mg three times a day; 
Percocet, 2 tablets every 3 h, as needed) but had 
responded well to intermittent doses of intrathecal 
morphine. 

The staples over the incision were removed, and a 
telemetry unit was activated over the infusion device, 
which was determined to be functioning correctly. 
The area over the device was cleansed with Betadine 
and was draped in a sterile fashion. The outline of the 
reservoir was palpated, and its center was pierced 
with a 22-gauge noncoring (Huber) needle. A charac- 
teristic “give” thought to correlate with puncture of 
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the device’s silicone septum was perceived. Three 
milliliters of slightly blood-tinged fluid was aspirated, 
and 18 mL of morphine (25 mg/mL) was injected 
without difficulty through the needle. Small volumes 
of slightly blood-tinged fluid were aspirated twice 
during the injection. The infusion device was reset by 
means of the telemetry unit to a setting reflecting that 
it was replenished. After a brief period of observa- 
tion, the patient was discharged. 

Approximately 2 h later, the patient's husband 
telephoned and reported that his wife had become 
increasingly confused and lethargic and was unable 
to ambulate. The patient's spouse was instructed to 
bring the patient immediately into the clinic. On 
arrival, arterial blood pressure was 156/82 mm Hg, 
with a heart rate of 100 beats/min. Respirations were 
12 breaths/min and color was normal. She was dis- 
oriented as to place and time but denied having any 
pain. Normal saline solution was infused through an 
intravenous cannula, and naloxone (0.16 mg) was 
administered in two divided doses. The patient be- 
came markedly more responsive, alert, and oriented, 
and respiratory rate increased to 16 breaths/min. 

After 1 h of observation, the patient was trans- 
ferred to the emergency room for further monitoring. 
Continuous pulse oximetry and electrocardiogram 
were applied. Oxygen saturation remained >95%, 
and normal sinus rhythm was maintained. Vital signs 
were recorded every hour, and the staff was informed 
to notify the emergency room physician of respira- 
tory rates <12 breaths/min. The patient was further 
assessed by measures of pupillary size and reaction 
(increasing from 2 mm and sluggish to 4 mm and 
reactive by discharge), extremity strength (increasing 
from 3/5 to 5/5), and Glasgow coma scale (increasing 
from 13 to 15). Arterial blood gas levels were not 
obtained. Additional doses of naloxone were not 
administered. 

The drug reservoir was refilled in the emergency 
room the following morning. The skin over the 
device was prepped and draped in a routine sterile 
fashion. The outline of the reservoir was palpated, 
and the center of the pump was pierced with a 
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Figure 1. Medtronics Synchromed infusion pump, a totally im- 
plantable drug infusion device suitable for the administration of 
opioid analgesics into the epidural or intrathecal space. The hockey 
puck-sized microcircuitry-controlled pump is usually implanted 
within the subcutaneous tissue of the abdomen. The 18-mL capac- 
ity reservoir of the device permits the drug supply to be replen- 
ished intermittently (1-2 mo). The portal that is utilized to inter- 
mittently replenish the pump reservoir is located in the center of 
the device. An accessory portal that bypasses the pump circuitry, 
permitting direct access to the central nervous system is located 
near the periphery of the device and is used for myelography and 
the administration of supplemental bolus injections. A portable 
lap-top computer is utilized to alter infusion rate, and a program- 
ming wand transmits new information to the infusion device 
noninvasively by telemetry. 


22-gauge noncoring (Huber) needle. A 20-mL syringe 
was filled with 18.0 mL of morphine (25.0 mg/mL). 
An initial injection of 3 mL was aspirated in its 
entirety and was observed to be colorless. A further 
10-mL injection was also easily aspirated and was 
also observed to be clear. Finally, the entire 18-mL 
solution was injected through the needle without 
difficulty. The infusion pump was reset to read a 
reservoir volume of 18.0 mL containing morphine 
(25.0 mg/mL) infusing at a rate of 0.2 mg/h, with the 
low-battery alarm enabled at 2.0 mL. The patient was 
subsequently discharged without further problems 
and with maintenance of excellent analgesia. 


Discussion 


Accidental overdose of morphine in the course of 
refilling an intrathecal infusion device is an uncom- 
mon event but has been known to occur (personal 
communication, Medtronics, August 26, 1991). The 
potential for accidental overdose owing to equipment 
malfunction or human error has been cited as a 
possible disadvantage of implantable systems (3). 
Accidental massive overdoses of opioids have been 
reported in other settings, including malfunction of a 
patient-controlled analgesia device (administration of 
495 mg of meperidine within 20 min, resulting in 
respiratory arrest) (4) and with epidural (5) and 
intrathecal morphine (6). Independent of route of 
administration, excessive doses of opioids may result 
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in a variety of adverse outcomes, including hypoth- 
ermia, myoclonic seizures, pulmonary edema, respi- 
ratory depression, coma, and death (7,8). 

In this case, a patient accidentally received a sub- 
cutaneous bolus injection of 480 mg of morphine that 
had been intended to be instilled into the reservoir of 
an infusion pump and administered continuously 
over 6-8 wk. This event was manifested by disorien- 
tation, mild respiratory depression, and failure of 
locomotion, but no significant cardiovascular effects 
or lasting neurologic deficits resulted. Adverse effects 
were readily reversed with minute doses of naloxone. 
The relatively innocuous outcome was probably re- 
lated to a constellation of factors, including opioid 
tolerance, early recognition, and prompt manage- 
ment. Given the patient’s stable course, the emer- 
gency medicine housestaff were reluctant to believe 
that such an overdose actually occurred, but toler- 
ance to high doses of opioids in patients chronically 
exposed to these drugs is well known in the cancer 
pain literature (9). Reversal of respiratory depression 
with an opioid antagonist is warranted in such cases, 
but this should be accomplished with small incre- 
mental doses to avoid the severe hypertension, dys- 
rhythmias, and pulmonary edema that are presum- 
ably a result of the rapid increases in sympathetic 
tone that may accompany the sudden return of pain 
when opioid effects are antagonized too rapidly (10). 

The Medtronics Synchromed infusion pump is a 
titanium device about the size of a hockey puck that 
is usually implanted within the subcutaneous tissue 
of the flank. Located within the center of the ventral 
surface of the pump is a small silicone injection port 
that must te palpated through the intact skin. Iden- 
tification of the septum may be somewhat difficult 
shortly after surgery owing to swelling and inflam- 
mation. Passage of a 22-gauge eccentric tipped needle 
is marked by a characteristic yielding sensation and 
the easy return of clear fluid. In this case, postoper- 
ative edema prevented easy palpation of the port, 
and the curved tip of the Huber needle must have slid 
over the metal surface of the pump, mimicking the 
anticipated “give.” The initial aspirations of mildly 
blood-tinged fluid may have originated from a se- 
roma or resolving hematoma. Serous extravasations 
or seromas have been noted to be one of the most 
common complications after surgery on subcutane- 
ous tissue (11). In most cases, serous fluid is clear but 
may be cloudy or blood-tinged. The possibility of 
bloody cerebrospinal fluid as the source of the aspi- 
rate is remote, but it should be noted that the most 
recent model of the Medtronic infusion pump has an 
(eccentric) side port that bypasses the reservoir (Fig- 
ure 1). The entire dose injected into this side port 
would be administered intrathecally and would prob- 
ably be lethal. 
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Figure 2. Circular plastic template provided by Medtronics as an 


] 
| 


adjunct to refilling the pump reservoir. The diameter of the- 


template is identical to that of the pump, and its center orifice 
corresponds to the pump injection port. 


The incidence of accidentally injecting outside the 
port and reservoir may be decreased by several : 


means. Medtronics provides a circular template that 
is the same diameter as the pump and is distin- 


guished by an orifice in its center that corresponds to | 
the injection port (Figure 2). This device should be . 
used as an adjunct to refilling the pump reservoir. In . 


addition, injection and aspiration of small amounts of 


morphine solution (e.g., 3-5 mL) before administra- | 


tion of the entire dose may help confirm correct | 


placement of the needle inside the reservoir. The 
entirety of the injected solution should be readily 
aspirated and should be colorless. This procedure can 
be repeated ‘with gradually increasing volumes of 
injectate. If suspicion exists that the aspirated fluid is 


not morphine, a sample of the aspirate can be tested | 


with a reagent strip that will determine the presence 
of glucose and protein, findings that would suggest, 
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respectively, that cerebrospinal fluid or a seroma or 
resolving hematoma have been aspirated. 

In summary, this report documents a case in 
which 480 mg of morphine was accidentally injected 
subcutaneously while refilling the reservoir of an 
infusion pump attached to an implantable intrathecal 
catheter. Mild respiratory depression and confusion 
developed approximately 2 h afterward. The patient 
was treated with 0.16 mg of naloxone intravenously. 
After 20 h of observation, the patient was discharged 
without sequelae. Several methods to decrease the 
incidence of such an injection are proposed. 
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Unsuccessful Interpleural Analgesia in a Patient 


With Mesothelioma 
Zef A. Abraham, MD 
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for acute and chronic pain conditions. The tech- 

nique was first described as treatment for the 
acute postoperative pain after cholecystectomy or 
breast or renal surgery (1,2). The method has since 
been adapted for the relief of chronic pain syndromes 
of thoracic (3) and nonthoracic (4) origin. The present 
case report involves a patient with chest wall pain 
secondary to mesothelioma, refractory to interpleural 
analgesia. This difficulty has not been reported pre- 
viously in a patient with mesothelioma. 


| ee analgesia is a method of pain control 


Case Report 


A 63-yr-old man with left-sided mesothelioma and 
associated chest wall pain was referred to our Center 
for Pain Management for assistance with pain con- 
trol. The mesothelioma was attributed to long-term 
exposure to asbestos when the patient was a nuclear 
submarine builder, and the diagnosis was confirmed 
by computed tomography scan, which revealed a 
dense, loculated mass in the left pleural space and 
lung. A fluid sample revealed material consistent 
with mesothelioma. Neither surgery nor chemother- 
apy nor radiation therapy, according to our pulmo- 
nary medicine department, was likely to alter the 
outcome of the disease. Pain management was con- 
sidered the primary objective of treatment, which at 
the time of referral consisted of oxycodone (10 mg) in 
combination with acetaminophen (650 mg) taken as 
often as every 3 h. This treatment resulted in lethargy 
without any significant degree of pain relief. The pain 
involved the left lateral and posterior chest at about 
T-7 to T-9 and was described as constant and throb- 
bing. It was not exacerbated by respiratory move- 
ments or coughing. 

Physical examination revealed a nondebilitated 
man, not in severe distress. His height was 180 cm, 
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and he weighed 83 kg. Auscultation of the right 
hemithorax was without wheezes, rales, or rhonchi; 
the left hemithorax revealed markedly decreased 
breath sounds. Chest radiograph revealed volume 
loss of the left hemithorax with pleural thickening 
and effusion. Pulmonary function tests indicated a 
mild to moderate restrictive ventilatory defect with a 
mild reduction in diffusing capacity for carbon mon- 
oxide. Past medical history was otherwise significant 
for hiatal hernia controlled with ranitidine and mild 
hypertension well controlled with prazosin. There 
were no drug allergies. 

The patient preferred a limited number of invasive 
procedures and minimal opiate intake. He was reluc- 
tant to ingest nonsteroidal antiinflammatory drugs 
owing to the presence of hiatal hernia. The patient 
agreed to a trial of interpleural analgesia, with the 
understanding that long-term catheter placement 
might be necessary. 

With the patient in the right lateral decubitus 
position, an interpleural catheter was placed in the 
eighth intercostal space 10 cm from the posterior 
midline with a 17-gauge Tuohy needle with use of the 
loss-of-resistance technique as described previously 
by Reiestad and Stromskag (2). After negative aspi- 
ration, antibiotic ointment was applied, a plastic 
occlusive dressing was placed, and the catheter was 
taped over the left shoulder. The patient was then 
placed in the supine position, and 40 mL of 0.25% 
bupivacaine was instilled over 10 min. A continuous 
infusion of 0.25% bupivacaine at 10 mL/h was started. 
The patient noted a significant decrease in chest pain 
and no respiratory difficulties. His vital signs re- 
mained stable, and there were no changes in auscul- 
tation compared with the markedly decreased left- 
sided breath sounds before the procedure. Chest 
radiograph revealed a small left pneumothorax and 
significant left pleural effusion with a new air-fluid 
level. The patient was admitted to the inpatient unit 
as previously arranged, and the chest radiograph was 
repeated 6 h later. It revealed a 1-cm increase of the 
pleural effusion with no change in size of the pneu- 
mothorax. The new pleural effusion with air-fluid 
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level was estimated to be of approximately the same 
amount (120 mL) as the bupivacaine infused. At this 
time, the left-sided chest wall pain returned. It exhib- 
ited the same characteristics as before the procedure. 
The local anesthetic infusion was discontinued, and 
pulmonary medicine evaluation was obtained. Nee- 
dle thoracentesis was attempted but was unsuccess- 
ful owing to the loculated nature of the pleural 
effusion. Ultrasound-guided thoracentesis was de- 


cided against because the patient continued to be 
without respiratory distress. The interpleural catheter, 


was removed, and the patient continued to have no 
respiratory distress. The left-sided chest wall pain 
had returned to baseline, and the chest radiograph 
was unchanged. The patient was discharged and sent 
home 48 h after initial placement of the interpleural 
catheter. Chest radiograph 6 wk later showed reso- 
lution of the air-fluid level, with return of the pleural 
effusion to baseline and resolution of the pneumo- 
thorax. 

The patient subsequently underwent thoracic epi- 
dural neurolysis 8 wk after the interpleural analgesia, 
with 6 mL of 6% phenol at T-8 to T-9 under fluoro- 
scopic guidance. He continued to be relatively pain 
free 6 mo after the epidural therapy. 


Discussion 


Mesothelioma is a tumor arising from epithelial and 
mesenchymal elements of the mesothelium. Approx- 
imately 65% of these tumors involve the pleura, 
25% the peritoneum, and 10% the pericardium (5). 
Mesotheliomas are usually malignant and are associ- 
ated with a history of asbestos exposure in at least 
80% of cases (6). Chest pain is a common presenta- 
tion and is generally nonpleuritic, aching, and fre- 
quently referred to the upper abdomen or shoulder 
(7). Chest radiograph indicating a large pleural effu- 
sion without either a meniscus or contralateral shift of 
mediastinal structures is typical of mesothelioma. 
The prognosis is poor. There is presently no satisfac- 
tory treatment, and median survival time after diag- 
nosis ranges from 4 to 12 mo. 

Interpleural analgesia was chosen for this patient 


because he was not satisfied with the analgesia and | 
the side effects of opioids, was reluctant to ingest 


nonsteroidal antiinflammatory medications owing to 
the presence of hiatal hernia, and preferred a limited 
number of invasive procedures. The patient was 
aware that neuroablative techniques or epidural opi- 


oids could be used if the interpleural analgesia failed. - 


Fineman (3) described a patient with chronic pain 
secondary to bronchogenic carcinoma with unilateral 
pleural metastases and chest wall involvement who 
was successfully treated for 7.5 wk with interpleural 
analgesia. He reported that interpleural local anes- 
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thetic was successful despite extensive fibrosis and 
pleural thickening. 

Mesothelioma typically spreads rapidly along the 
pleural surfaces. Eventually, the entire visceral and 
parietal pleural surfaces are infiltrated by a continu- 
ous layer of tumor (7). Pleural effusion is often 
present, and in this particular patient it was locu- 
lated. It has been suggested that the mechanisms of 
interpleural analgesia involve diffusion of local anes- 
thetic from the interpleural space through the parietal 
pleura to as many as four sites of action: (a) multiple 
segmental intercostal nerve block (1); (b) the sympa- 
thetic chain (8); (c) the brachial plexus (9); and 
(d) splanchnic nerve block (4). This author believes 
that the presence of loculated pleural effusion pre- 
vented the local anesthetic from reaching the appro- 
priate neural elements. Evidence for a barrier to 
absorption of the local anesthetic is the increasing 
size of the pleural effusion as the bupivacaine was 
infused. The estimated amount of the new pleural 
effusion with air-fluid level (120 mL) was approxi- 
mately the same as the amount of bupivacaine in- 


_ fused. The initial 6 h of pain relief, followed by 


inadequate analgesia subsequent to an initial large 
bolus dose of 40 mL of 0.25% bupivacaine and then a 
continuous infusion of 0.25% bupivacaine at 10 mL/h, 
may be accounted for by sufficient concentration of 
drug with the initial bolus dose, followed by insuffi- 
cient concentration in the pleural space when only 
10 mL/h was mixed with the effusion fluid present. 
Perhaps a more concentrated bupivacaine solution, 
for example, 0.5%, would have been effective in 
overcoming the pleural pathology as a barrier to 
absorption, as might have been a higher rate of 
infusion or a repeat bolus dose of bupivacaine. 

The small pneumothorax present after placement 
of the interpleural catheter is unlikely to have con- 
tributed to the ineffectiveness of the local anesthetic. 
Pneumothorax may be a deterrent to successful inter- 
pleural analgesia because the air space formed be- 
tween the parietal and visceral pleurae may prevent 
adequate spread of local anesthestic. However, in 
this case it is thought to have contributed little to the 
inadequacy of interpleural analgesia because the pa- 
tient initially had 6 h of satisfactory pain relief despite 
the presence of a small pneumothorax, which did not 
increase in size. However, the pleural effusion with 
air-fluid level did increase in an amount estimated to 
be equivalent to the bupivacaine infused. 

In summary, a case of chest wall pain due to 
mesothelioma is presented that was unsuccessfully 
treated with interpleural analgesia. It is proposed that 
tumor involvement of the pleural surfaces and the 
loculated pleural effusion rendered the appropriate 
neural structures inaccessible to the local anesthetic. 
Therefore, the use of interpleural analgesia for the 
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chest wall pain of mesothelioma cannot be recom- 
mended. 
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Upper Airway Obstruction and Infant Botulism 


Andrew Oken, MD, Steven Barnes, MD, Peter Rock, MD, and Lynne Maxwell, MD 
Department of Anesthesiology and Critical Care Medicine, Johns Hopkins Medical Institutions, Baltimore, Maryland 


he diagnosis of the etiology of acute upper’ 
airway obstruction (UAO) presents difficulties 


in infants but is important as any coexisting 
disease may itself be fatal. Guidelines for identifica- 
tion and management of UAO have been defined 
(1-3) and include multispecialty evaluation and care- 
fully controlled operating room care. While urgently 
addressing a critical airway, the broad differential 
diagnosis of UAO must be considered (4). We present 
a case of acute UAO, first thought to be epiglottitis, in 
a patient who subsequently was found to have infant 
botulism. This is the first case report of botulism 
mimicking epiglottitis and causing acute UAO. 


Case Report 


A previously healthy 5-mo-old boy with no signifi- 
cant past medical or past surgical history presented to 
the emergency room with lethargy, drooling, in- 
creased irritability, and decreased oral intake of 3-day 


duration. He had been treated at another hospital for - 


a presumed otitis media and tonsillitis with intramus- 
cular ceftriaxone and oral amoxicillin. On arrival 
he was listless and had severe respiratory distress. 
His vital signs were arterial blood pressure, 


117/59 mm Hg; heart rate, 133 beats/min; respiratory | 


rate, 36 breaths/min; temperature, 37.4°C; and oxy- 


gen saturation, 90% (O, at 5 L/min by face mask). He ' 


weighed 5.7 kg (10th-25th percentile for age). In the 
emergency room he required a jaw thrust maneuver 
to maintain a patent airway. Physical examination 


demonstrated upper airway rhonchi, intermittent in- ' 
spiratory stridor, and sinus tachycardia without sig- ` 


nificant murmur. Initial white blood cell count was 


6000/mm?° with 50% lymphocytes and 46% bands. A | 
lateral neck roentgenogram showed supraglottic | 


edema and an increase in the size of the epiglottis 
with narrowing of the airway. 

A decision was made to transport him to the 
operating room by physicians expert in airway man- 
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agement for management of presumed epiglottitis. 
This was accomplished uneventfully with the patient 
breathing supplemental oxygen and with electrocar- 
diographic and pulse oximeter monitoring. Anesthe- 
sia was induced by slow incremental mask inhalation 
of halothane in oxygen (up to 3.5% inspired concen- 
tration). Direct laryngoscopy demonstrated supra- 
glottitis with bilateral arytenoid edema, mild 
erythema, and a white exudate. Orotracheal intuba- 
tion was performed. Blood and airway mucosa cul- 
tures were obtained and the infant was transported to 
the Intensive Care Unit. 

He remained lethargic and hypotonic and required 
mechanical] ventilation. Culture material obtained in- 
traoperatively revealed heavy normal upper respira- 
tory flora and gram-negative diplococci. Hemophilus 
influenzae was not grown from the culture material. 
All other culture material (blood, cerebrospinal fluid, 
and urine) was negative for pathogenic organisms. 
The patient remained on mechanical ventilation and 
ceftriaxone but subsequently developed minimally 
reactive pupils and became progressively weaker by 
the fifth hospital day. His limbs became floppy and 
he had only slight movement in his extremities in 
reaction to deep painful stimuli. Electrical studies 
using repetitive nerve stimulation at rates of 20 Hz 


‘showed an incremental response of approximately 


100%, consistent with botulism (5). . 

Based on the above clinical features and his re- 
sponse to the nerve stimulation studies, infant botu- 
lism was considered. Stool cultures grew Clostridium 
botulinum type B (Maryland State Health Depart- 
ment). Three days after his first airway examination 
in the operating room he was again examined by 
direct laryngoscopy and found to have near resolu- 
tion of the supraglottic and arytenoid edema. Because 
of weakness, the patient required ventilatory assis- 
tance. He regained his strength over several weeks 
and his trachea was subsequently extubated without 
difficulty. 


Discussion 
The clinical presentation and neck radiographic find- 
ings in this patient strongly suggested acute epiglot- 
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titis. The classic findings of acute epiglottitis, includ- 
ing high fever, irritability, lethargy, and severe sore 
throat, which progress to dysphagia, dysphonia, 
dyspnea, and drooling, are usually seen in older 
children. These children usually assume a character- 
istic upright posture with forward flexion at the 
waist, forward chin thrust, slight cervical flexion, and 
resist attempts to place them supine. These presen- 
tations are seldom missed. Other causes of UAO such 
as supraglottitis, laryngotracheobronchitis, and for- 
eign body must be considered. 

Infant epiglottitis (<2 yr old) may be very insidious 
in its presentation, with only mild fever, and no 
characteristic positioning or drooling. A prodromal 
illness may be present of several days’ duration. The 
diagnosis of acute epiglottitis in this population of 
patients may be delayed until severe airway obstruc- 
tion has occurred (2). Lateral neck films have been 
suggested to aid in the diagnosis; however, the 
dangers associated with delay in securing the airway, 
moving the patient, and the necessity for accompa- 
niment by a skilled laryngoscopist must be kept in 
mind (1). 

A definitive diagnosis of epiglottitis may be made 
in infants by direct laryngoscopy, which should be 
performed in a controlled operating room setting 
under general anesthesia where capabilities for tra- 
cheal intubation, cricothyroidotomy, or tracheostomy 
are at hand (3). These procedures were carried out in 
our patient and findings in the operating room of 
supraglottic swelling, inflammation, and exudate 
supported a diagnosis of UAO of an infectious na- 
ture. Subsequent clinical follow-up and evaluation 
led to the ultimate diagnosis of infant botulism. 

Infant botulism has been described as a cause of 
respiratory distress (6), which is almost always due to 
progressive weakness culminating in respiratory fail- 
ure (6,7). As the diaphragm is relatively resistant to 
neuromuscular block, of which botulism is a type (8), 
usually the disease is recognized before respiratory 
failure develops. Our patient was unique, however, 
in that he had UAO that was associated with supra- 
glottic inflammation and arytenoid edema. 

It is important to note that in the approximately 
600 cases of infant botulism reported in the litera- 
ture, periglottic inflammation has not been reported 
(9,10). While the issue of whether the botulism 
caused the glottic inflammation or merely occurred in 
temporal association with it is important, the associ- 
ation of these two entities must now be kept in mind 
when managing patients with either of these two 
diseases. Moreover, this case clearly demonstrates 
the ability of infant botulism to mimic other types of 
acute UAO. 

We can only speculate on the possible association 
of supraglottic swelling and inflammation with botu- 
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lism. Weakness may result in either (a) supraglottic 
pooling of secretions with secondary irritation and/or 
superinfection or (b) collapse of supraglottic struc- 
tures on inspiration and subsequent swelling and 
inflammation. This case supports the importance of 
systematic management of acute UAO (1) and sug- 
gests that the differential diagnosis of a hypotonic 
infant with respiratory distress, drooling, and feed- 
ing difficulties should now include botulism. 

' Clostridium botulinum produces a potent neurotoxin 
that causes progressive muscle paralysis. Clostridium 
botulinum spores can survive a temperature of 100°C 
for several hours and moist heat at 120°C for 30 min. 
The toxin, however, is destroyed by boiling for 
10 min. Botulism can occur after ingestion of pre- 
formed toxin or after ingestion of C. botulinum spores 
that germinate, proliferate, and then generate toxin 
in the gastrointestinal tract. 

Botulinal toxin affects cholinergic synapses periph- 
erally by interfering with presynaptic release of ace- 
tylcholine from preganglionic and neuromuscular 
junction nerve endings. Weakness appears symmet- 
rically and progresses from facial muscles to the distal 
extremities. Patients present with blurred vision, 
dysphonia, dysphagia, and dysarthria. Subsequent 
symmetric paralysis of the extremities progresses 
rapidly to involve the diaphragm. Impaired choliner- 
gic autonomic transmission results in constipation, 
urinary retention, and nausea and vomiting. In an 
infant, signs and symptoms include poor feeding and 
failure to thrive, followed by progressive weakness 
and impaired respirations (6). 

On examination, patients are alert and afebrile, 
with ptosis and failure of accommodation. Pupils are 
normal in size and react sluggishly. There is weak- 
ness of the tongue, larynx, and respiratory muscles. 
Pooling of oral secretions occurs and may explain the 
supraglottitis found in this child. Reflexes are dimin- 
ished or absent but are not pathologic and the sen- 
sory examination is usually normal. ~ 

Infant botulism is a relatively “new” disease first 
described in 1976 (5). Approximately 90% of recog- 
nized cases occur in patients younger than 6 mo of 
age. The intestinal tract is colonized with C. botuli- 
num, and toxin is gradually produced leading to 
slower onset of weakness than when preformed toxin 
is ingested. The diagnosis of infant botulism requires 
confirmation of botulinal toxin in stool or isolation of 
C. botulinum from stool culture as was found in our 
patient. Treatment involves aggressive supportive 
care. Deaths are uncommon and occur principally in 
rapidly progressive disease before supportive treat- 
ments can be instituted. Infants with mild hypotonia, 
poor feeding, and failure to thrive have been found to 
have botulism, and there is evidence that 5% of cases 
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of sudden infant death syndrome may actually be 
severe cases of infant botulism (7). | 

The increased duration of nondepolarizing muscle ' 
relaxants associated with the synaptic blockade must 
be kept in mind. Depolarizing muscle relaxants 
should be used with caution because of potential 
denervation hypersensitivity of postsynaptic recep- 
tors and the risk of hyperkalemia. Patients presenting | 
to the operating room may also have a “full” stom- 
ach, and appropriate precautions should be taken to 
prevent aspiration. The most important anesthetic 
considerations relate to airway management. Some 
very weak patients with botulism will need tracheal 
intubation to protect the airway and to allow mechan- 
ical ventilation. Moreover, this case report illustrates 
that patients with botulism are at risk for airway 
obstruction. 

Many questions remain unanswered regarding the 
relatively new disease of infant botulism; neverthe- 
less, we recommend that it should be considered in 
the differential diagnosis of the hypotonic infant with 
airway obstruction. In the rush to evaluate the ob- 
structed airway, significant weakness may be over- 
looked. Hypotonia in an infant with airway obstruc- 
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tion should immediately prompt investigation for 
botulism. 
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Job’s Syndrome: An Unusual Response to a Common Drug 


Louis M. Guzzi, MD, and John M. Stamatos, MD 
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ob's syndrome, or the hyperimmunoglobulin E 

syndrome, is a rare disorder that was originally 

described in 1966 (1) and is characterized by 
ecurrent bacterial infections of the skin and the 
sinopulmonary tract, immunoglobulin E serum levels 
at least 10 times normal, and neutrophils having a 
variable chemotactic defect. Most of the infections are 
secondary to Staphylococcus aureus. There is a relative 
paucity in the literature of described anesthesia- 
related complications associated with Job’s syn- 
drome, even though patients with this syndrome 
present frequently for abscess drainage. We report a 
case that describes an atypical response to succinyl- 
choline in a patient with Job’s syndrome. 


Case Report 


A 31-yr-old, 95-kg woman presented with acute 
cholecystitis and was scheduled for a cholecystec- 
tomy. Her past medical history revealed no history of 
neuromuscular disease or steroid-induced muscle 
weakness. She had no proximal or distal muscle 
weakness, lower extremity sensory loss, or other 
related problems. Several operations had been per- 
formed without anesthesia-related complications, 
both under general endotracheal anesthesia and 
monitored anesthesia care. These procedures were 
for recurrent abscesses that required incision and 
drainage and for orthopedic surgery. 

Physical examination on presentation to the oper- 
ating room revealed an obese woman in mild dis- 
tress, with multiple skin lesions consistent with Job’s 
syndrome. The patient’s laboratory studies included 
a complete blood count, electrolyte balance, and a 
liver function panel and were within normal! limits, 
except for a plasma potassium level of 3.5 mEq/L. 
Preoperative medication included oral prednisone 
(20 mg every other day), ditropan (5 mg twice a day), 
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omeperazole (40 mg every day), multivitamins, fo- 
late, prednisolone eye drops, subcutaneous heparin 
(5000 U twice a day), and 48 h of intravenous ceftri- 
axone and tetracycline. 

In the operating room, routine monitors were 
placed, including a peripheral nerve stimulator over 
the ulnar nerve at the elbow. As the patient breathed 
100% oxygen, 3 mg of d-tubocurarine, 200 ug of 
fentanyl, and 1 mg of midazolam were administered 
intravenously. While cricoid pressure was main- 
tained, thiopental (350 mg) and succinylcholine 
(120 mg) were administered intravenously. The initial 
train-of-four twitches diminished to zero of four in 
approximately 45 s, and the trachea was easily intu- 
bated. Controlled ventilation was begun, and isoflu- 
rane was used for maintenance of anesthesia. Inter- 
mittent use of the peripheral nerve stimulator 
revealed a gradual increase in the twitch response 
without fade. Approximately 40 min passed before 
the baseline train-of-four response returned, as de- 
termined by the neuromuscular blockade monitor. 

The patient was returned to the operating room 
2 wk after this incident for repair of a dehiscence of 
her cholecystectomy wound. During this operation, 
the patient did not receive d-tubocurarine but was 
given 1.0 mg/kg of succinylcholine intravenously. 
Approximately 45 min passed before the train-of-four 
response returned to baseline. 

Postoperatively, the patient’s plasma cholinester- 
ase activity was 3.6 IU/mL (4-8 nL), red blood cell 
cholinesterase was 4998 U/L (3590-6660 nL), and 
acetylcholine antibody count was negative. The pa- 
tient also had a normal dibucaine inhibition of 90.5% 
and a normal fluoride inhibition of 97.5%. Creatine 
kinase was also noted to be normal. 

The records of the patient’s two previous opera- 
tions were obtained, and on both occasions it was 
noted that the patient demonstrated a prolonged 
blockade after succinylcholine administration at an 
appropriate dose. 


Discussion 


Job’s or hyperimmunoglobulin E syndrome is a rela- 
tively rare entity, of which little data and rare case 
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reports exist. In the anesthesia literature, the only 
discussion was that by Miller and Mann (2) concern- 
ing the potential risk of epidural abscess in patients 
with this syndrome. However, it is likely that anes- 
thesia providers will see more patients with this 
disease as life expectancy increases as a result of new 
drug therapies. 

This case presentation reveals a patient with a 
prolonged response to succinylcholine. There ap- 
pears to be no obvious reason for this prolongation. 
The patient’s temperature was maintained at >36°C 
during both operations. The patient was being 
treated with antibiotics for the first operation but had 
not received any preoperatively for the second oper- 
ation. She did have a slightly reduced serum potas- 
sium concentration before the first operation, but it 
was normal immediately postoperatively and was 
normal at the time of the second operation. None of 
the patient’s medications have been implicated in 
causing prolongation of the action of succinylcholine. 
Prednisone has been implicated in the past as causing 
decreased plasma cholinesterase, but in doses in 
excess of this patient’s dosage regimen (3). Neuro- 
muscular disease has been implicated in causing a 
prolonged response to succinylcholine, but there was 
no evidence of myasthenia gravis or the myasthenic 
syndromes in this patient. 

The most common reason for a prolonged neuro- 
muscular blockade from succinylcholine is either 


decreased plasma cholinesterase or decreased’ 


pseudocholinesterase. Plasma cholinesterase is syn- 
thesized in the liver, and cirrhosis (4), pregnancy (5), 
echothiophate usage (5), cytotoxic drugs (6), cancer 
(7), and angiotensin-converting enzyme inhibitors (8) 
can all decrease plasma cholinesterase activity and 
slightly prolong response to succinylcholine. How- 
ever, Foldes et al. (4) demonstrated that even with 
decreased levels of pseudocholinesterase to 20% of 
normal in patients with liver disease, the duration of 
apnea after succinylcholine administration only in- 
creased from 3 to 9 min. 

Another common cause of prolonged neuromus- 
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cular block is abnormal or variant plasma cholinester- 
ase, as described previously by Kalow and Genest (9). 
These patients will also have an abnormal dibucaine 
number. It is important to remember that there may 
be a normal pseudocholinesterase level and a low 
dibucaine number, reflecting an atypical enzyme 
prevalence. Our patient demonstrated none of these 
disease states. She had a normal dibucaine number 
and a normal pseudocholinesterase level. There was 
no other obvious reason for her prolonged response 
to succinylcholine. 

Job’s syndrome is a rare and unusual clinical 
entity, with most problems related to infection and 
recurrent abscess formation. This atypical response to 
succinylcholine in a patient with Job’s syndrome may 
be an isolated incident or a clinically significant 
occurrence related to the underlying disease process. 
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Letters to the Editor 





Is Epidural Anesthesia Really Better 
for Major Vascular Surgery? 


To the Editor: 


Tuman et al. (1) have stated that “epidural anesthesia and 
analgesia is associated with beneficial effects on coagulation 
status and postoperative outcome compared with intermit- 
tent on-demand opioid analgesia.” Their study compared 
both laboratory and clinical indicators of a hypercoagulable 
state after either general anesthesia and on-demand paren- 
teral and/or oral narcotic administration or general plus 
epidural anesthesia followed by epidural opiate and local 
anesthetic administration. They suggest that the epidural 
group had a better outcome due to a decrease in stress 
(presumably secondary to better pain control) in that group 
compared with the general anesthesia group. They imply 
that medications administered epidurally have a more 
beneficial effect than similar medications given by simpler 
routes. However, their data do not support this conclusion. 

As they provide neither objective data about the degree 
of comfort in the two groups of patients nor details of the 
pain management provided for patients in the general 
anesthesia group, it is possible that these patients received 
opiates by intramuscular injection too infrequently or in too 
small doses—all common problems with typical post- 
operative pain management. Patients in the epidural group 
had a member of a postoperative pain management team 
supervise administration of the epidural medications. Fur- 
thermore, patients in the epidural group probably had a 
significant degree of sympathetic blockade due to the 
bupivacaine infusion. Patients in the general anesthesia 
group apparently did not receive a similar sympathetic 
block (via oral or parenteral medication). 

It seems then that the observed beneficial result may be 
due to good pain control and sympathetic blockade, rather 
than due to the route of administration of the medications. 
Although epidural opiates are frequently used to manage 
postoperative pain, there is no controlled study comparing 
this method with other adequate means of pain control that 
indicates that epidural administration has any advantages 
over effective pain control achieved by other means. In fact, 
in one controlled study comparing epidural and intrave- 
nous fentanyl after cesarean section (2), the techniques 
were not distinguishable. 

Benjamin H. Gorsky, MD 
1629 Wilder Avenue #1003 
Honolulu, HI 96822 
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In Response: 


Dr. Gorsky raises questions regarding the interpretation of 
the findings of our recent study (1). He correctly notes that we 
demonstrated better outcomes after major vascular surgery in 
patients managed with epidural anesthesia and analgesia 
(EAA) compared with a similar cohort of. patients managed 
with “routine” on-demand narcotic administration postoper- 
atively. We strongly disagree with Gorsky when he states that 
our data do not support the conclusion that medications 
administered epidurally have a more beneficial effect than 
similar medications given by simpler routes. Our study dem- 
onstrates statistically and clinically important differences be- 
tween the two treatment groups in the rates of cardiovascular, 
infectious, and overall postoperative complications. Our data 
present good evidence of a clear association between attenu- 
ation of hypercoagulability, a lower incidence of thrombotic 
events (peripheral arterial graft, coronary artery or deep vein 
thromboses), and the use of EAA. We believe our methodol- 
ogy and outcome data speak for themselves: when adminis- 
tered to high-risk vascular surgical patients in the manner 
described, epidural anesthesia and analgesia is superior to 
routine on-demand narcotic analgesia administered after 
isoflurane/fentany/N,O anesthesia. The implication that any 
medication given epidurally will be more beneficial than a 
similar medication given by a simpler route would be a 
misinterpretation and overextrapolation of our conclusions. 
Our findings apply to a specified subset of patients undergo- 
ing particular operative procedures and receiving anesthetic 
and analgesic management according to defined protocols. 

Careful examination of our manuscript reveals that we 
indeed acknowledge that differences in degree of pain 
control may in part be associated with secondary effects 
that result in important coagulation and clinical outcome 
findings. As noted in the discussion of our manuscript, our 
’. .. study design does not allow confirmation or rebuttal 
of the hypothesis that improved outcome in the setting 
described may have been related primarily to different 
degrees of postoperative analgesia.” Because our study was 
designed as an observational critique of the clinical out- 
come of two randomly assigned methods of perioperative 
anesthetic management, interpretation of the findings is 
limited because specific mechanisms were not sought to 
explain the intergroup differences. 

We disagree with Gorsky’s claim that “. . . there is no 
controlled study comparing. . . [epidural opiates]. . . with 
other adequate means of pain. control that indicates that 
epidural administration has any advantages over effective 
pain control achieved by other means.” Salomaki et al. (2) 
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demonstrated a clinical advantage of the epidural infusion 
over the intravenous infusion of fentany] for analgesia after 
thoracotomy in a study where each therapy was titrated to 
achieve similar median pain scores. Soon to be published 
data from the Perioperative Ischemia Randomized Anes- 
thesia Trial (PIRAT) being conducted at The Johns Hopkins 
Hospital will independently confirm our findings of de- 
creased hypercoagulability and arterial graft failure (includ- 
ing reoperation) even when epidural anesthesia is used for 
only 24 h postoperatively compared with intravenous 


patient-controlled analgesia (3). Although the mechanisms 
of these beneficial effects of epidural analgesia compared ` 
with other forms of analgesia are not yet known, research- ' 
ers are accumulating data that indicate that differences in’ 


pain control may not be the primary means by which EAA 
can positively affect outcome. 

Finally, we cannot adequately stress the extraordinary 
care with which clinical outcome studies must be inter- 


preted and applied. An important caveat about the inter-. 
pretation of such studies is the restraint necessary to avoid 


generalization of findings that may have restricted applica- 
tion. It is not surprising that healthy patients undergoing 
simple operative procedures such as cesarean section or 
knee surgery do not manifest outcome differences between 
epidural and intravenous opiate infusions large enough to 
be detected when small numbers of subjects are studied 
(4,5). In contrast, a common feature of those studies that 
have demonstrated beneficial effects of EAA is the high-risk 
nature of the patient population and the greater degree of 
perioperative surgical stress to which patients are exposed 
(thoracic or major vascular surgery) (1,2,6). 

The questions raised by Gorsky are important and, as 


outlined above, preliminary answers indicate that in certain . 


high-risk patients EAA has beneficial effects that can occur 
independent of its superior analgesic potential compared 
with some other methods. Additional studies are necessary 
to elucidate the mechanisms of these effects and to deter- 
mine if the properties of EAA not solely related to analgesia 
can be achieved via alternative methods. Until such studies 
are conducted and validated, we believe there are sufficient 
data to mandate the efforts required to deliver EAA to 
certain high-risk surgical patients. 

Kenneth J. Tuman, MD 

Robert J. McCarthy, PharmD 

Anthony D. Ivankovich, MD 


Department of Anesthesiology 
Rush-Presbyterian-St. Luke’s Medical Center 
Chicago, IL 60612 
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Mass Spectrometers and Infrared 
Gas Analyzers Interpret 
Bronchodilator Propellants as 
Anesthetic Gases 


To the Editor: 


Infrared gas analyzers and mass spectrometer systems are 
routinely used in operating rooms for monitoring respira- 
tory and anesthetic gases. Recently, Karasch and Sivarajan 
(1) reported that mass spectrometer systems, but not infra- 
red anesthetic monitors, may report falsely high readings of 
isoflurane when halogenated propellants from metered 
dose bronchodilators are introduced into the anesthesia 
circuit. We recently noticed that mass spectrometers may 
also falsely indicate the presence of halothane and enflu- 
rane, and that some infrared sensors do indeed detect 
halogenated propellants as anesthetic gases. This problem 
came to our attention when Alupent (metaproterenol, 
Boehringer Ingleheim) was administered to a patient re- 
ceiving approximately 1% halothane. The Medspect II mass 
spectrometer suddenly indicated 4% inspired halothane 
when Alupent was administered via a fitting adjacent to the 
mass spectrometer port on the anesthetic system “Y” 
connector. As few as four puffs was able to produce these 
artifacts. Occasionally, we noticed artifactual enflurane 
readings. We also found that a Datex Capnomac anesthetic 
gas analyzer (infrared detector) read approximately 1% 
halothane when a similar maneuver was performed in the 
absence of any anesthetic gases. Alupent contains dichlo- 
rodifluoromethane, dichlorotetrafluoroethane, and trichlo- 
rofluoromethane propellants, as does Atrovent (iprato- 
prium bromide, Boehringer Ingleheim), and Brethaire 
(terbutaline, Geigy) metered dose inhalers. Dichlorodifluo- 
romethane and trichlorofluoromethane are propellants in 
the Proventil brand of albuterol (Schering Corp.), the 
Ventolin brand of albuterol (Allen and Hanburys), and the 
Maxair brand of pirbuterol (3M Pharmaceuticals). Proventil 
produced readings of about 2% isoflurane and 2% 
halothane when tested with a mass spectrometer, and 
0.7%-0.8% halothane when tested with a Datex Capnomac. 

Mass spectrometers identify anesthetic gases with the 
use of discrete fixed collectors located at positions to 
capture ionized gases of various mass to charge (m/z) 
ratios. Halothane is detected by an ion of m/z 117; trichlo- 
rofluoromethane produces an ion of identical m/z. Both 
isoflurane and dichlorodifluoromethane and dichlorotet- 
rafluoroethane produce an ion of m/z 87 (1). With the 
Capnomac infrared detector, halogenated hydrocarbon 
propellants may be mistaken for halothane because of the 
relatively high gain used by the analyzer for halothane and 
the overlap of the infrared spectrum for these compounds. 
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We were unable to simulate the presence of isoflurane or 
enflurane with these propellants. 

When using bronchodilators with halogenated propel- 
lants, clinicians should be aware of the possibility that 
either mass spectrometer or infrared detection systems may 
interpret the propellants as anesthetic vapors. 


Philip E. Bickler, MD, PhD 


Untversity of California 
San Francisco, CA 94143-0648 
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Masseter Muscle Spasm and the 
Diagnosis of Malignant 
Hyperthermia Susceptibility 


To the Editor: 


Van der Spek (1) and Patel et al. (2), in correspondence on 
the subject of masseter muscle spasm (MMS) in children 
following the paper by the latter group (3), express serious 
doubts as to the validity of in vitro contracture tests IVCTs) 
for the diagnosis of malignant hyperthermia (MH) suscep- 
tibility. Van der Spek’s argument is, however, based on the 
extrapolation of results between dissimilar groups of pa- 
tients. Our group has shown (4) that 51% of children 
referred with a history of MMS were classified as susceptible 
to MH following IVCTs. We cannot stress strongly enough 
that those patients tested were not the total population of 
children with MMS, but only those of the estimated 5 
million anesthetized where the attending anesthetist con- 
sidered the MMS of sufficient severity to raise the possibil- 
ity of MH. As was stated in our paper (4), some of our 
patients had generalized rigidity: the exact number is 
unclear as this sign was not always looked for or reported. 
We assume that other papers reporting a similar incidence 
of positive IVCT following MMS (5,6) were subject to 
similar patient selection processes. It is therefore naive of 
van der Spek (1) to suggest that 50% of Littleford’s patients 
(3) may be labeled susceptible to MH. It is most likely, in 
fact, that those in Littleford’s “isolated” MMS group would 
not have been considered for biopsy in our center as it is 
apparent that the attending anesthetists did not consider 
the response abnormal and hence their decision to carry on 
with triggering drugs (cf generalized rigidity group). How- 
ever, we would have to reserve final judgment without 
access to all relevant information on individual cases. 

The reservations about [VCT expressed by Patel et al. (2) 
are strictly correct: that is, we do not know for sure whether 
a positive IVCT result always indicates true MH suscepti- 
bility. Indeed, when the European MH group diagnostic 
criteria were formulated (7), threshold contracture values 
were assigned to err on the side of caution. Thus, most 
diagnostic centers accept that some false-positive diagnoses 
are made. On the basis of testing control muscle according 


LETTERS TO THE EDITOR 143 


to the European MH group protocol, the false-positive rate 
is estimated to be of the order of 4% (8), a figure far short of 
the 50% implied by van der Spek (1). Until there is a 100% 
sensitive and specific genetic test for MH, the true false- 
positive rate for the IVCT will not be known because, given 
the availability of alternative safe anesthetic drugs, patients 
with positive IVCT results should not receive triggering 
agents. 

The fact that patients do not develop hypermetabolism 
when given triggering anesthetic drugs does not mean that 
they are not susceptible to MH. In our series, MH suscep- 
tible patients have had, on average, three uneventful anes- 
thetics before their reaction or prior to a positive family 
history emerging (9). One patient had 13 apparently normal 
anesthetics, whereas her similarly susceptible brother died 
on first exposure. The cause of this phenomenon remains 
as one of the challenges of MH research, but its occurrence 
is of great clinical importance, both to individual patients 
and their blocd relatives. It would surely be an indefensible 
tragedy if patients were assumed not to be susceptible to 
MH because they did not develop fulminant MH after 
abnormally severe MMS, only for them or a relative to die 
from MH at a later date. 

Therefore, we must emphasize that any patient with 
abnormally severe MMS must be considered MH susceptible 
until proven otherwise. At present, the only method for 
establishing nonsusceptibility to MH is to demonstrate a 
normal [VCT response. Any other course of action, as 
stated by Rosenberg and Shutack (10) is courting risk, and 
with the availability of safe nontriggering anesthetic drugs 
must be considered irresponsible. 


F. R. Ellis, Phd, FRCAnaes 

P. M. Hopkins, MB, BS, FRCAnaes 
P. J. Halsall, MB, ChB 

A. S. Christian, MB, ChB, FRCAnaes 
Department of Anaesthesia 

St. James's University Hospital 

Beckett Street 

Leeds LS9 7TF 

United Kingdom 
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In Response: 


Dr. Ellis et al. “cannot stress strongly enough that [only], 


those [MMS patients were tested in which] . . . the attend- 
ing anesthetist considered the MMS of sufficient severity to 
raise the possibility of MH” and in which the attending, 
anesthetist had referred the patient to a testing center. And 
further: “We must emphasize that any patient with abnor- 
mally severe MMS must be considered MH susceptible until 
proven otherwise.” These opinions emphasize selection. 
bias with respect to testing of MMS patients, which may be 
an important weakness rather than a virtue. 

Thus, Dr. Ellis et al. concede that not all patients with 
MMS were referred to, or were considered severe enough 
to need to be referred to, their center. Then what percent- 
age of instances of MMS is actually severe enough to be, 
referred? Who’s to know or judge? Have all these patients 
been referred because only wise, experienced “attending 
anesthetists” referred these patients to their center? Or are 


there perhaps anesthesiologists who are less experienced: 


vis-a-vis pediatric practice? Or those who just don’t know 
what to make of this morass? Perhaps, there are “hyper” or 
scared ones, too? Perhaps, they live in a medicolegal: 
climate where continuation of anesthesia is professional 
suicide? Perhaps, the family is particularly insistent on 
referral? All of these and many more uncertainties contrib- 
ute to the selection criteria leading to the ultimate decision 
to go ahead with referral and biopsy. Do Dr. Ellis et al. 
“see” 1% (or 5% or 10%) of patients with MMS? Does that, 
mean that 99% of patients with “MMS” have no “‘prob- 
lems” whatsoever? And, parenthetically, can we continue 
anesthesia, as before, especially now that we have specific 
monitoring for hypermetabolism (end-tidal CO,)? Or are. 
there other signs that may help us differentiate the MMS: 
patients without problems from those with rare symp- 
toms—eg, limb and trunk rigidity? The latter is a sugges- 
tion made by Dr. Patel’s group—experienced attending 
pediatric anesthesiologists—who established their practice 
of continuation of triggering anesthesia well before the 
current plethora of articles with contrary advice (1). Has the. 
average prudent anesthesiologist already recognized this, 
and is that the reason why Dr. Ellis is only referred a small 
percentage of the MMS population? Concluding that mas- 
seter spasm must have been “clinically significant” because 
patients were referred is a fallible premise. If Dr. Ellis’ test 
is only applicable to patients who have been selected and 
referred by the proverbial attending anesthetist, and not to 
all subjects who: presented with masseter spasm, the 
IVCT’s usefulness is in doubt (2,3). The attending anesthe- 
tist cannot be the gold standard, nor set the threshold, for 
masseter spasm—such an anesthetist does not exist. If a 
test, developed and applied to a poorly defined, selected 
sample of the MMS population, cannot be generalized to 
the population with MMS, then one cannot make infer- 
ences on the basis of the outcome of that test in the MMS 
population (3). i 

To make matters worse, when definitions of masseter 
spasm and MH are vague and arbitrary, retrospective data 
collection (as in Dr. Ellis’ [4, 5] and others’ studies) com- 
pounds bias. Once suspicion of MH has been stirred, a 
“l ed” environment has been created in which it can be 
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hard to take a cold look at the facts: one wants (or even 
needs) a “positive” diagnosis, and memory becomes un- 
usually selective. 

Thus, we are provided with classic examples of selec- 
tion, interviewer, and recall bias (6). The epidemiology 
literature is fraught with examples of associations and 
causality, only to be shown to have been “discovered” 
erroneously—on the basis of bias. 

I did not mean to imply a false-positive rate of the IVCT 
of 50%, far from it. I wondered whether we know, at all, 
what the tests mean, whether they be positive or negative, 
If none of the isolated masseter spasm patients of the 
Winnipeg group developed MH (and they didn’t in my 
opinion, nor in the opinion of experienced attending pedi- 
atric anesthesiologists [1]), one wonders why a number of 
MH testing centers seem to converge on 50% positivity of 
the IVCT in MMS patients. These MH centers are unlikely 
to all have the very same selection criteria (and biases). As 
the devil’s advocate, I can argue that the tests followed a 
“theorem of probability”: the predictable odds of a coin 
flip, 50% tails (positive) and 50% heads (negative), pro- 
vided one performs the tests often enough. . . . Thus, the 
IVCTs outcome can support the assertion that the associ- 
ation of a positive IVCT with the occurrence of MMS, is not 
unlikely to be one of chance (6). The reason different 
positive rates are observed among centers is also explain- 
able (if not predictable) on the basis of sample size, test 
techniques, selection and observation bias, and confound- 
ers—to name a few. Even if we were to assume a 100% 
sensitivity of the European IVCT, a specificity of 96% (7), 
and an MH prevalence of 1 in 10,000, the predictive value of 
a positive [VCT would be 0.2% and, thus, we would label 
subjects with a positive IVCT MH susceptible 99.8% of the 
time, even though they are MH negative! (2,8). Assuming a 
specificity of 85% as recently proposed by the North Amer- 
ican Malignant Hyperthermia Registry (9), the predictive 
value of a positive test is only 0.06%. 

Even if an association of a positive VCT and MMS has 
been established not to be likely due to chance, bias, or 
confounding, one has to ask: “What does that have to do 
with the price of eggs,” or MH, in this case (6). So far it was 
assumed, for the purposes of this argument, that a clear 
definition of MH existed, because without one, a ‘test’s 
sensitivity or specificity cannot be identified—let alone its 
false-positive rate be established. Case reports and series of 
MMS are useful for raising the question of the presence of 
an association with MH, but they are not useful for testing 
hypotheses (6). Furthermore, each case should be scruti- 
nized to ascertain if it conforms to the definitions of the 
disease and whether possible confounders (eg, a myotonia, 
muscular dystrophy, or lack of ventilation or oxygenation) 
are present. From a review of presumed MH cases at the 
last North American MH Registry meeting (10), from those 
incidentally discussed at the Fifth International MH work- 
shop (11), and from the case literature, it has become 
apparent that a consensus on a definition of disease (MH) 
has not been achieved. Thus, sensitivity and specificity 
data of a test proposed to identify MH should be presented 
with the determinants of disease in each case since its 
definition varies. If these data are not presented, one 
cannot assess what was accepted as a true case of MH and, 
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thus, which test should have been regarded as true posi- 
tive. Such data have not been presented in the literature by 
the European MH group (7,12) nor by Dr. Ellis’ group (13). 
In fact, Dr. Ellis et al. concede that a positive IVCT has not 
been proven to identify humans who will respond with 
hypermetabolism (MH) when exposed to trigger agents 
(vide supra). 

The development of a genetic test for MH may not be the 
panacea to our troubles either, as it is unlikely, if not 
impossible (2), that a 100% sensitive and specific “genetic” 
test can be developed to determine whether an individual 
will manifest MH. The current genetic studies of MH focus 
on the examination of MH’s patterns of inheritance using 
linkage analyses, ie, how does a determinant of a disease 
(ie, MH, or usually in its stead a positive IVCT) segregate in 
a pedigree with the known locations of other DNA markers 
on the chromosomes. Under favorable conditions, a posi- 
tive linkage may place a possible mutation within one or 
two million base pairs from a known maker. Then one or 
more, of possibly many, mutations in that DNA region 
need to be identified and shown to be associated with the 
MH phenotype (again as determined by a positive IVCT) in 
that pedigree. Another strategy is to assume that the MH 
phenotype is associated with an enzyme or receptor (eg, 
ryanodine receptor), and follow the segregation of the MH 
phenotype in the pedigree with that of the markers for the 
enzyme or receptor under suspicion. Then, mutation(s) of 
these enzymes or receptors are identified and their segre- 
gation is compared to pedigrees with an MH phenotype. In 
either case, a diagnostic DNA probe(s) needs to be devel- 
oped. The point is that in all approaches reliable determi- 
nation of the MH phenotype (eg, by a test like the IVCT) is 
a sine qua non. Furthermore, even if one or more specific 
DNA probes have been developed, they will not be able to 
identify other, or not yet discovered, or new mutations that 
may also be responsible for one or more MH phenotypes 
(eg, genetic heterogeneity). Even when an MH mutation 
has been identified in an individual, it does not mean that 
the disease will manifest itself. Phenotype depends on 
many factors including heterozygosity, penetrance, and 
expression. In addition, coexisting genotypes, phenotypes, 
and other circumstances (presence or absence of hormones, 
enzymes, or environmental factors) may be needed for, or 
may prevent, manifestation of MH in an individual (eg, 
multifactorial and epistatic inheritance) (14). 

I agree that we should be prudent and act in the best 
interest of our patients; however, unless we are forthright 
about the limitations of our research and exercise sound 
judgment in the conduct of our research as well, we may do 
our patients and the field of anesthesiology a disservice, if 
not harm, by coming to diagnoses, therapies, and resulting 
socioeconomic conditions without proper foundations. 


Abraham van der Spek 
t of Anesthesiology, Pediatrics 
C. S. Mott Children’s Hospital 
Room C 4139, Box 0800 
Ann Arbor, MI 48109-0800 
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In Response: 


Although patients exhibiting fulminant MH usually test 
positive on the halothane/caffeine contracture test, there 
are few data on whether screened subjects testing positive 
also exhibit a positive clinical episode (1). The likelihood of 
getting false-positive results with any screening test de- 
pends on the criteria for selecting cases for biopsy testing. 
Thus if the patients to be tested are well selected (ie, 
restricted by very strict criteria of clinically detectable hy- 
permetabolism associated with generalized muscular rigid- 
ity and typical febrile episode), then there are fewer false- 
positive results. Whether one is justified in considering 
isolated MMS as MH can be argued, but it seems plausible 
based on previous biopsy data (2,3). Further studies on the 
series of patients reported in our study (1) by halothane/ 
caffeine contracture testing (unpublished data) suggest that 
in 9 of 27 patients with transient MMS tested so far, who 
did not experience fulminant MH despite continuation of 
triggering anesthetics, a positive biopsy result based on 
North American Malignant Hyperthermia biopsy testing 
criteria was seen. Dr. Ellis and colleagues, probably based 
on the transient rigidity experienced in our series of pa- 
tients, may not have chosen to perform a biopsy on many 
of them. However, would they follow the same course of 
action if they had known that even these patients have a 
fairly significant incidence of positive muscle biopsy re- 
sults? Because the same individual, afflicted with the ge- 
netic hypermetabolic disorder that is triggered by anes- 
thetic agents, can present at different times with pictures of 
different clinical severity, a cautious approach by many 
anesthetists is justifiable. Our data simply indicate that 
muscle biopsy results cannot be uncritically accepted. 
Meanwhile, complete reliance on nontriggering agents may 
be the answer for some. For others opting to continue with 
the triggering anesthetic agents, there is no substitute for 
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extreme vigilance in monitoring and familiarity with re- 


sources for dealing with a crisis. Data obtained from the 


latter type of experience will be invaluable for laboratories | 
and organizations that are trying to validate the perfor- 


mance and interpretation of contracture tests in muscle 
biopsy specimens. 
Deepak Bose, MD, PhD 
Department of Pharmacology and Therapeutics, 
Anesthesia and Internal Medicine 
62 Emily Street 
Winnipeg, MB 
Canada, R3E OW3 
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Isolated Masseter Muscle Spasm 
Versus Generalized Rigidity? 
To the Rditor: 


Much controversy still exists regarding the management of 


patients who have isolated “masseter muscle spasm 


(MMS)” following halothane and succinylcholine adminis- 


tration. There is less controversy regarding generalized 
rigidity in combination with MMS. Generalized muscle ` 


rigidity has been shown to be a predictor of malignant 
hyperthermia susceptibility (1). In a recent study (2), Little- 
ford et al. surmise that anesthesia can be continued safely 
in cases of isolated MMS. However, the perioperative 
management differed considerably in children who demon- 
strated signs of MMS plus generalized muscle rigidity. The 
clinical presentations in this latter group were so suggestive 
of the diagnosis of incipient malignant hyperthermia that 
anesthesia was stopped in all of these cases and four of the 
11 children were given dantrolene. Thus, the author has 
made a clear distinction between the management of iso- 
lated MMS and MMS with generalized rigidity. 

We report a case that blurs the distinction between 
isolated MMS and generalized rigidity and raises questions 


about appropriate management. A 5-yr-old, 17-kg healthy | 


child without neuromuscular diseases was admitted for 
adenoidectomy with bilateral myringotomies and tubes. 
Family history was negative for adverse anesthetic reac- 
tions. A halotane inhalation induction of anesthesia was 
performed without problems.. Succinylcholine, 20 mg, was 
administered intravenously, and endotracheal intubation 


was attempted after 1 min. The anesthesiology resident’ 


could not open the patient’s mouth. No other rigidity was 
noted. In particular, the child was easily ventilated and the 


extremities did not appear stiff. The arm was lifted to gain 
access to the intravenous. No rigidity was noted. A second | 


20-mg dose of succinylcholine was given intravenously. 
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The jaw remained stiff and now the arms and legs appeared 
tense. The legs could not be bent and the arms were 
difficult to flex. The anesthetic was aborted. Initial arterial 
blood gases were pHa 7.22, Paco, 42 mm Hg, Pao, 
297 mm Hg, base excess —12 mmol/L. The creatinine 
phosphokinase increased to 2598 IU within 24 h. Myoglo- 
binuria was treated with mannitol. The child made an 
uneventful recovery. 

Experienced anesthesiologists noted isolated MMS after 
the first dose of succinylcholine and generalized muscle 
rigidity after the second! If the first episode of MMS in this 
patient had not been followed by more succinylcholine, 
then Littleford et al.’s recommendations would have sug- 
gested continuing administration of triggering drugs. The 
additional dose of succinylcholine placed this patient in the 
clinical group where Littleford et al. would not continue 
giving triggering drugs. Is this patient at risk for malignant 
hyperthermia? Will some patients with malignant hyper- 
thermia susceptibility show isolated MMS to a first dose 
and generalized rigidity to a second or a larger dose of 
succinylcholine? 

Cases such as the above suggest caution when one is 
faced with isolated MMS. Until this issue is further resolved 
we recommend that triggering drugs not be given after 
isolated MMS. 

Richard Kaplan, MD 
Matthew Becker, MD 

Lynn Broadman, MD 
Department of Anesthesiology 
Children’s National Medical Center 
111 Michigan Avenue, NW 
Washington, DC 20010 
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In Response: 


Dr. Kaplan et al. describe a presumably rare clinical situa- 
tion in which their patient received a second dose of 
succinylcholine after developing isolated MMS subsequent 
to an initial dose of this drug. The patient then exhibited 
generalized rigidity. This situation is not comparable to that 
reported in our case series, where the patients were sepa- 
rated retrospectively into two groups based on their re- 
sponse to a single dose of succinylcholine (i.e., isolated 
MMS, MMS plus generalized rigidity). None of these 
patients received a second dose of succinylcholine, and we 
have never advocated this practice. 

There are no published data that describe the clinical 
sequelae of administering a second dose of succinylcholine 
after MMS develops. Are the authors implying this practice 
would unmask the susceptibility to malignant hyperther- 
mia? 

Whether the presence of isolated MMS heralds malig- 
nant hyperthermia is still debatable and, given the com- 
plexity of the processes that trigger the development of 
malignant hyperthermia, it may always remain an enigma. 
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Masseter muscle spasm and malignant hyperthermia may 
represent two extremes of the same disease process. It is 
possible that even without the second dose of succinylcho- 
line, if the inhaled anesthetics had been continued in their 
case, this patient may have gone on to develop signs and 
symptoms of malignant hyperthermia. For this reason, 
there is no substitute for vigilant clinical and biochemical 
monitoring. 


Leena R. Patel, MD, FRCPC 
Department of Anesthesia 


Deepak Bose, MD, PhD 
Department of Pharmacology and Therapeutics 


Judith A. Littleford, BSc, MD 
Department of Anesthesia 
University of Manitoba 

840 Sherbrook Street 

Winnipeg, Manitoba R3A 151 
Canada 


Ventilatory Effects of Clonidine 


To the Editor: 


The study by Benhamou et al. (1) is welcomed given that 
there is still little information on the respiratory effects of 
clonidine in humans. 

We share the authors’ admonition of prescribing cloni- 
dine premedication based on their finding of obstructive 
respiratory disturbances associated with arterial oxygen 
desaturation in some of their clonidine pretreated subjects. 
On scrutinizing their table of results, it is interesting that 
minute ventilation and tidal volume were lower at all time 
periods after clonidine pretreatment compared with pla- 
cebo. Statistical significance may be absent because the 
power of the study was not sufficient to detect the differ- 
ence. It would have been interesting if the authors also 
looked at the ventilatory response of these volunteers to 
carbon dioxide challenge. We have previously reported the 
attenuation of ventilatory response to carbon dioxide after 
intravenous administration (3 ug/kg) of clonidine to volun- 
teers (2). 

Given the burgeoning interest in clonidine and other 
more selective a,-adrenergic agonists in anesthesia, the 
finding of respiratory effects will be clinically important. It 
is worth remembering the cautionary note sounded by Dr. 
Hamilton in his editorial addressing this class of com- 
pounds (3). Given the necessity of a functional sympathetic 
nervous system for survival, he has questioned the ratio- 
nale of administering such drugs that are sympatholytics. 
He has suggested more safety studies to assess how the 
responses to the challenges of blood loss, carbon dioxide 
excess, hypoxia, and acidosis will be affected. 


R. Ooi, FCAnaes 

S. A. Feldman, FCAnaes 
Magill Department of Anaesthetics 
Westminster Hospital 

London SW1 2AP 

England 


LETTERS TO THE EDITOR 1447 


References 


1. Benhamou D, Veillette Y, Narchi P, Edoffey C. Ventilatory effects of 
premedication with clonidine. Anesth Analg 1991;73:799-803. 

2. Ooi R, Pattison J, Feldman SA. The effects of intravenous clonidine on 
ventilation. Anesthesia 1991;46:632-3. 

3. Hamilton WK. Fashion, Darwin, and anesthetics as poisons. Anesthesi- 
ology 1988;69:811-2. 


Dr. Benhamou has declined to reply. 


An Unusual Cause of Nasogastric 
Tube Obstruction 


To the Editor: 


Recently, a 43-yr-old woman traveled to Boston from the 
Dominican Republic to undergo a mitral valve replacement. 
The anesthetic management and the surgical procedure 
were uneventful. On the second postoperative day, after 
the trachea had been extubated, a nurse reported that the 
nasogastric tube was obstructed. After some manipula- 
tions, it was removed. Examination of the nasogastric tube 
revealed a large roundworm measuring approximately 
30 cm long partially inside its distal end. The specimen was 
send to Microbiology and it was identified as an adult 
female Ascaris lumbricoides (Figure 1). Although round- 
worms are relatively rare in northern urban centers, anes- 
thesiologists should be aware of the possibilitv of this 
infestation, particularly in patients from endemic areas. 
These worms can be vomited and aspirated causing as- 
phyxia and death. Obstruction of endotracheal tubes by 
Ascaris lumbricoides has been reported in circumstances 
related and unrelated to anesthesia and surgery (1,2). 


Rafael Ortega, MD 

Department of Anesthesiology 

Boston University School of Medicine 
88 East Newton Street 

Boston, MA 02118 
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Figure 1. Adult female Ascaris lumbricoides, 
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Relief of Pain by Ketorolac 
or Alcohol? 


To the Editor: 


I read the article by Vanos et al. (1) describing the use of 
ketorolac as an intravenous regional block technique for the 
treatment of reflex sympathetic dystrophy. This work ap- 
pears promising; however, the authors are correct in stating 
that further work needs to be performed before any final 


conclusions are drawn. For example, what is the effect of 
the diluent, ethyl alcohol, 10% by weight, in the formulated, 


ketorolac for intramuscular use? If this was the preparation 
used, I would suggest the authors add an ethyl alcohol 


solution to their future blinded studies. If ketorolac, in- 


deed, is a successful treatment, its release as a “by mouth” 
medication would be welcome and useful. 


The Bowman Gray School of Medicine 
300 South Hawthorn Road 
Winston-Salem, NC 27103 
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In Response: 


We appreciate Dr. Weeks’ comment regarding the ethyl, 


alcohol contained in the ketorolac solution. This is a valid 


point which deserves further study. However, when the 


ketorolac was administered by the intravenous regional 
technique, it was diluted in 40 or 50 mL of solution, 
resulting in a very dilute concentration of alcohol (0.5%). 
We believe that the effect is more likely due to the ketorolac 


itself. Although an oral preparation would certainly be 
easier to administer, the advantage to the intravenous. 


regional technique is that medications that act peripherally 


may be given in a concentrated form to the area. If 


administered orally, extremely high doses would be re- 
quired to achieve the same concentration in the affected 
area, such that side effects woùld prevent its use. 


David N. Vanos, MD 

Somayaji Ramamurthy, MD 
Joan Hecffman, RN 

The University of Texas 

Health Science Center at San Antonio 
7703 Floyd Curl Drive 

San Antonio, TX 78284-7838 
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Effects of Adenosine After Coronary 
Artery Bypass Surgery 


To the Editor: 


Recently Zall et al. (1) reported on the effects. of adenosine 
after coronary artery bypass surgery. In the accompanying 
editorial, Lillehaug and Tinker (2) followed up with a- 
provocative statement: “If the forerunner of the latter is 
that of Zall et al., the future of adenosine as a vasodilator 
does not look good.” 

However, a similar study previously reported by Torsell 
et al. (3) had concluded that at low nonhypotensive doses - 
of adenosine, coronary blood flow increased, myocardial 
perfusion pressure was essentially maintained, and there 
was no indication of electrocardiographic (ECG) evidence 
of myocardial ischemia. Thus, perioperative and postoper- 
ative low-dose adenosine infusion could be beneficial. This 
view is also substantiated by Zall’s data at infusion rates of 
less than 60 pg-kg~*-min™’. 

The study by Zall et al. identified six patients as having 
myocardial ischemia based on the abnormalities of lactate 
metabolism or ECG changes. However, the study was done 
shortly after weaning from cardiopulmonary bypass, ie, at 
a time when patients are still in fluctuating conditions: 9 of 
14 (64%) had an abnormal metabolic state before adenosine 
administration. If adenosine was the cause of metabolic 
aggravation of the myocardium, then a worsened condition 
could be expected in these patients. Yet, this did not occur. 
On the contrary, the metabolic data at “postadenosine 0” 
showed improvement when compared with control values. 
Lactate assay of the blood during adenosine infusion may 
not be a reliable indicator of myocardial ischemia. Infused 
adenosine is extensively taken up by blood cells, especially 
the erythrocytes, and it is rapidly metabolized to lactate 
which in turn diffuses into the bloodstream causing spuri- 
ously high lactate levels (4,5). Moreover, the criteria fol- 
lowed by the authors to determine the patients with signs 
of myocardial ischemia are questionable. For example, in 
patients 3, 4, 5, and 6, there is no consistent relationship 
between adenosine dosages and regional myocardial lactate 
uptake values and ECG changes. (See Table 1, which 
presents data of patients extracted from Zall’s Tables 3 and 
4.) Furthermore, ECG abnormalities are frequently seen in 
surgery after coronary bypass. High incidence of more 


severe ECG changes has been reported shortly- after coro- ` 


nary bypass (6); and ST segment depression has been 
considered the least specific index to indicate myocardial 
ischemia during this phase of coronary artery bypass sur- 
ery. 
: Thus, it is not possible to hold adenosine as the only 
accountable reason for the metabolic and/or ECG changes 
observed in the study, as these could have occurred even in 
the absence of adenosine. Relying upon a single indicator 
to determine myocardial ischemia seems a precarious crit- 
ierion, as there is no distinctive feature specific for hyper- 
lactatemia or ECG abnormalities during adenosine infusion 
after coronary artery bypass surgery. The metabolic and 
ECG data are confounded and inconsistent. Therefore, we 
believe that the data provided by Zäll et al. (1) are elusive 
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Table 1. Effects of Adenosine on Regional Myocardial Lactate Uptake and Electrocardiogram 
Adenosine infusion rate (ug-kg~'-min™') 








Patient 0 15 30 60 120 0 
1 RMLU 6 — 6 -5 —ii — 11 -4 
ECG + 0 + 0 +0 — 0.05 ~ 0T — 0.05 
2 RMLU 6 3. -20° —22° — 29° -3 
ECG — 0.15 — 0.15 — 0.2 — 0.25° — 0.25° — 0.15 
3 RMLU 4 — 8 — 7 -2 ' —- 13 = 7 
ECG +0 +0 +0 — 0.05 — 00 +0 
4 RMLU = —16 — 8 —§3? —161? -3 
ECG 0.1 0.1 0.1 0.1 
5 RMLU =12 =i] -54° -15 — 14 -8 
ECG 0.15 0.15 0.1 
6 RMLU —21 —46° —16. —21 — 21 —19 
ECG +0 + 0 — 0.05 — 0.15% — 0.154 — 0.05 





RMLU, regional myocardial lactate uptake; ECG, electrocardiogram. 
Data extracted from Tables 3 and 4 of Reference 1. 
Adenosine-induced aggravation of m ial ischemia: 


“Further depression of the ST segment of 20.1 mV. 
"Further decrease in RMLU (>20 pmol/min) compared with control. 


and do not provide sufficient evidence to support their 
conclusion that adenosine at low doses may cause myocar- 
dial ischemia shortly after coronary artery bypass surgery. 
Atsuo F. Fukunaga, MD, PhD 

Department of thesiology 

Harbor-UCLA Medical Center 

1000 West Carson Street 

Torrance, CA 90509 


Tadaomi Miyamoto, MD 
Department of Cardiovascular Surgery 
Kokura Memorial Hospital 

Kokura, Kitakyushu 

Japan 
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In Response: 


‘We appreciate the interest of Drs. Fukunaga and Miyamoto 
in our study (1). They claim that lactate assay may not be a 
reliable method to judge myocardial ischemia during aden- 
osine infusion, as adenosine is taken up and metabolized to 
lactate by erythrocytes and then diffuses into the blood 
causing “spuriously high lactate levels.” In our study (1), 

adenosine infusion did not cause any significant changes in 
arterial blood lactate concentration. Even if arterial lactate 


levels were increased by adenosine via the erythrocytes, 
this mechanism cannot explain why in some patients lac- 
tate is released from a certain region of the left ventricle, 
drained by the great cardiac vein, during adenosine infu- 
sion. 

They also question our criteria used to define myocardial 
ischemia. Regional myocardial lactate production, one cri- 
terion for myocardial ischemia, is a highly sensitive indica- 
tor of regional myocardial ischemia (2). Reversible ST- 
segment depression =0.1 mV has been used recently by 
several investigators (eg, 3,4) to diagnose myocardial ische- 
mia postoperatively after coronary artery bypass surgery. 
smith et al. (3) could demonstrate, using the same ECG: 
criteria for myocardial ischemia as we have used, that 
ischemia is more prevalent postoperatively than preopera- 
tively. Furthermore, they showed that the incidence (26%) 
of postoperative ischemia peaks shortly (2 h) after revascu- 
larization and is related to adverse outcome. We agree with 
Fukunaga and Miyamoto that “ECG abnormalities are 
frequently seen in surgery after coronary bypass.” This is 
probably due to the fact that many patients really are 
ischemic shortly after bypass surgery, as demonstrated by 
others (3,4) and by us (64% had regional myocardial lactate 
production before adenosine infusion). Although more 
severe ECG changes have been reported shortly after 
coronary bypass by Leung et al. (5), they could not dem- 
onstrate that the incidence of reversible ST-segment eleva- 
tion (16%) was related to an increased incidence of myo- 
cardial injury. We do not understand the statement: “ST 
segment depression has been considered the least specific 
index to indicate myocardial ischemia during this phase of 
coronary artery bypass surgery.” Compared to what other 
index? What is the source behind this conclusion? 

We agree with Fukunaga and Miyamoto that there was 
no consistent relationship between metabolic (regional 
myocardial lactate uptake) and ECG signs of myocardial 
ischemia. Our data are, however, in agreement with a 
recent report showing that there is a low concordance 
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between ECG signs and metabolic (lactate production) 


signs of regional myocardial ischemia (6). Patients 1, 2, and 
3 converted from a net regional myocardial lactate uptake 


before adenosine infusion to net regional lactate production. 


at low infusion rates of adenosine (15-30 pg'kg *-min™?). 
Two of these patients (1,2) also developed ECG signs of 
myocardial ischemia at a nonhypotensive dose of 60 


Hg kg~*-min™~. In patient 4 it is quite obvious that adeno- 


sine to a great extent aggravates myocardial ischemia at 60 
ug-kg'-min™’. It is difficult to explain why lactate produc- 


tion in Í- 5 and 6 is aggravated at 15 (patient 6) and 30' 


ug'kg7 ~* (patient 5) but not at higher infusion rates. 
On the iier hand, in patient 6 there is a clearcut and 
pronounced ST-segment depression at the low, nonhy- 
potensive dose of 60 ug:kg~*-min™*. Furthermore, in the 
whole material there was a apa depression of the ST 
segment at 60 ug-ke™? (P < 0.01). 

Torsell et al. studied the. effect of 30-50 ug-kg`t-min™t of 
adenosine on coronary artery graft flow (7). Possible signs 
of myocardial ischemia was detected only by ECG in their 
study. Graft flow increased by 84%, which is in accordance 
with a 60% increase in great cardiac vein flow in our study 
at an adenosine infusion rate of 30 pg-kg~*-min~*. Torsell 
et al. could not demonstrate ECG signs of myocardial 
ischemia during low-dose adenosine infusion. Their results 
are therefore not “substantiated by our data,” as we have 
demonstrated that low-dose adenosine infusion may in 
some patients cause metabolic and/or ECG signs of regional 
myocardial ischemia. 

The interpretation of Fukunaga and Miyamoto that the 
“metabolic data at postadenosine 0 showed improvement 
when compared with control” is not correct. There was no 
significant difference between pre- and postadenosine con- 
trol values of regional myocardial uptake. We agree that we 
chose a difficult time period to study the effects of adeno- 
sine on myocardial blood flow and metabolism after coro- 
nary artery bypass surgery. We have, however, presented 
data to confirm that the patients were not in “fluctuating 
conditions,” and this is discussed in detail in the Discus- 
sion section of our report (1). 

Our data are not “confounded,” “inconsistent,” or 
“elusive.” Instead we have provided evidence that adeno- 
sine may in some patients induce myocardial ischemia, 
even at low, nonhypotensive infusion rates (30-60 
ug-kg~'-min™*) after coronary artery bypass. The meta- 
bolic or ECG signs of myocardial ischemia ‘that developed 
in some patients during adenosine infusion could not 
“have occurred even in the absence of adenosine.” 


Sven-Erik Ricksten, MD, PhD 
Department of Anesthesia and Intensive Care 
Sahlgrens Hospi 

S-413 45 Goteborg 

Sweden 
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General Anesthesia and Toxemia 
of Pregnancy 


To the Editor: 


A recent study by Ramanathan et al. (1) typifies a major 
problem encountered when interpreting, and even more 
importantly, when drawing conclusions regarding patient 
management from studies comparing the effects of general 
and regional anesthesia on perioperative hemodynamics 
and the stress response. 

Before accepting their conclusions, their specific anes- 
thetic techniques must be closely scrutinized. Given the 
underlying patient disease, preeclampsia, epidural anes- 
thesia was administered with what might be considered 
elegant attempts at delivering the optimal anesthetic. For 
example, fluids were given intravenously, no epinephrine 
was used with the local anesthetic, and an anesthetic level 
was chosen sufficient to provide excellent analgesia. 

The general anesthesia group, on the other hand, did 
not receive an anesthetic optimally designed to minimize 
the physiologic impact of either preeclampsia or a major 
operative procedure. The amount of fluids given intrave- 
nously was not described, despite evidence that fluid 
should be administered with vasodilator therapy in tox- 
emics (2). “General anesthesia” was induced with what has 
come to be the universal dose of 4 mg/kg of thiobarbiturate. 
This dose is known to result in light anesthesia, which - 
intuitively will result in hypertension and a stress response 
occurring with intubation and operation. Three articles 
were referenced as justification for this fixed dose. Two of 
the articles (3,4) did not even refer to a fixed 4-mg/kg dose 
nor were dose-response studies. Kosaka et al. (5) state that 
“total dosage should probably lie in the range of 4-7 
mg/kg” and that their data are “not meant to imply that 
[even] 8 mg/kg is an absolute maximum dose not to be 
exceeded under any circumstances.” The Fro, was 0.50 
before delivery, which negates one potential advantage of 
endotracheal anesthesia—the ability to deliver 100% oxy- 
gen. Finally, only very small subanalgesic doses of fentanyl 
were used after delivery of the infant. 

If one’s goal is to optimize the general anesthetic tech- 
nique for preeclampsia, (a) intravascular volume should be 
restored before induction of anesthesia, (b) 100% oxygen 
should be administered before delivery, and, most impor- 
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tantly, (c) deep levels of anesthesia and adequate analgesia 
should be attained. 

The time has come to critically evaluate how the “gen- 
eral anesthetic” is being administered in toxemic patients. 
General anesthesia for cesarean section is not one un- 
changeable generic entity, just as epidural anesthesia is not; 
both should be dynamic techniques “tailor-made” to spe- 
cific circumstances. Until studies are performed that take 
these considerations into account, it is premature to com- 
pare “general” to “epidural” anesthesia in any patient 
group, including patients with toxemia of pregnancy. 
Andrew P. Harris, MD 
Nelson 2/OB Anesthesia 


The Johns Hopkins Hospital 
Baltimore, MD 21205 
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In Response: 


We thank Dr. Harris for his interest in our study (1) and 
would like to respond to his comments one by one. 

First, Dr. Harris states that the induction dose of thio- 
pental of 4 mg/kg used in our study is inadequate. He 
suggests that with a larger dose of thiopental to produce 
“deep” anesthesia, one can prevent the vascular pressor 
and the hormonal responses to tracheal intubation in 
women with severe preeclampsia. This suggestion is at- 
tractive and seems like a simple solution. However, having 
dealt with several women with severe preeclampsia, we 
believe that there are no simple solutions or easy answers, 
and administration of general anesthesia to such patients 
can be difficult and complicated. We agree with Dr. Harris 
that the studies by Finster et al. (2) and Christensen et al. 
(3) quoted in our article are not dose-response studies. We 
are not aware of any dose-response studies with thiopental 
or any other drugs to induce anesthesia in women under- 
going cesarean delivery, and we are not sure if such studies 
are feasible. However, we believe that the findings from the 
above studies are extremely important and pertinent to our 
investigation. For example, Christensen et al. (3) adminis- 
tered intravenous thiopental to healthy women undergoing 
cesarean sections in a graded manner, ie, 200 mg initially, 
followed by 50 mg every 20 s until the ciliary reflex 
disappeared. They found that compared with nonpregnant 
women, the average induction dose of thiopental in preg- 
nant women was significantly lower (3.53 + 0.47 vs 5.43 + 
0.64 mg/kg, P < 0.001). The induction doses of thiopental 
(range 2.6-4.39 mg/kg) and the serum concentrations 
(range 4.30-33.7 pg/mL with a mean of 17.1 pg/mL) 
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showed wide variability among patients. Furthermore, 
there was no correlation between the induction dose and 
serum concentration of thiopental. In other words, when 
we decide to use a large dose of thiopental to obtain “deep” 
anesthesia, what end-point should one look for? Obviously 
one cannot empty the whole syringe of thiopental and hope 
that the arterial blood pressure would not increase after 
tracheal intubation? In addition, the terminal half-life of 
thiopental in the neonates was significantly longer com- 
pared with the levels in the mothers and nonpregnant 
women. In a‘compromised fetus, this may even be more 
prolonged. With the available data, we believe that the use 
of large doses of thiopental to prevent hypertensive re- 
sponse in severe preeclampsia is unreliable and probably 
detrimental to both the mother and fetus. In our study, 
instead of using higher doses of thiopental, we pretreated 
all patients in the general anesthesia group with antihyper- 
tensive drugs commonly used in preeclamptics. 

Second, Dr. Harris suggests that 100% oxygen should be 
delivered instead of 50% oxygen and nitrous oxide. It is 
well documented that increasing maternal inspired oxygen 
concentration significantly increases umbilical venous and 
arterial Po, as well as oxygen content (4). However, this 
practice requires the use of a high concentration of a potent - 
inhaled anesthetic before the delivery of the infant. Piggott 
et al. (5) studied 200 women undergoing cesarean section 
who were randomly allocated to receive either 50% nitrous 
oxide in oxygen or 100% oxygen and 1%—1.5% isoflurane. 
These authors found significantly higher umbilical venous 
Po,, but other values such as umbilical arterial blood gas 
values remained similar. In their study, of the 200 patients 
studied, only five were preeclamptic and only one of them 
received 100% oxygen and isoflurane. Therefore, no con- 
clusions can be drawn from the study regarding the mater- 
nal/neonatal effects of a high concentration of isoflurane 
and 100% oxygen in severe preeclampsia. It is doubtful if 
the use of isoflurane will attenuate the hypertensive re- 
sponse to tracheal intubation as it is administered after 
tracheal intubation. Furthermore, it can cause neonatal 
depression. 

Third, Dr. Harris comments that we administered inad- 
equate anesthesia after the delivery of the baby. This is not 
true. After the delivery, we increased the concentration of 
nitrous oxide and administered fentanyl in 50-100-ug in- 
crements as required, up to a total dose of 250-500 yg. 
Although we did not mention it in our paper, the average 
total dose of fentanyl in the group of 10 patients receiving 
general anesthesia was 360 + 75 ug (mean + sp). 

Fourth, we do not routinely administer large volumes of 
fluids intravenously before the induction of general anes- 
thesia in women with severe preeclampsia. As stated in our 
paper, central venous pressure was monitored in 19 pa- 
tients and pulmonary capillary wedge pressure in the 
remaining two women, and administration of crystalloids 
was adjusted according to central venous pressure and/or 
pulmonary capillary wedge pressure values. 

We agree with Dr. Harris that anesthesia should be 
tailor-made to specific circumstances. However, it is impor- 
tant that protocols for clinical investigations should be 
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designed based on data from scientific studies and not on 
anecdotes and unpublished observations. 


Jaya Ramanathan, MD 

Phyllis Coleman, RN 

Baha Sibai, MD 

Departments of Anesthesiology and Obstetrics and Gynecology 
The University of Tennessee, Mémphis 

877 J Avenue 

Memphis, TN 38103-2897 
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Venous Air Embolism During Spinal 
Instrumentation and Fusion in the 
Prone Position 


To the Editor: 


We read with interest the recent report by Albin and 


coworkers regarding venous air embolism (VAE) during 
laminectomy in the prone position (1). The actual incidence 
of VAE during spinal surgery is unknown, in part because 
complete monitoring for VAE, including a precordial Dop- 
pler, is not routinely performed in these patients. Massive 
VAE during spinal fusion has been rarely reported (1-3). 
We have observed two additional cases of VAE occurring 
during spinal instrumentation in the prone position on the 
Tower table, one of which was fatal. Monitoring included 
mass spectrometry, as well as arterial and central venous 
pressure (CVP). In the first case, a junctional rhythm and 
hypotension were noted during sublaminar wire place- 
ment. No air was present upon aspiration of the CVP; 
resuscitation was unsuccessful. Autopsy revealed air in the 
cardiac vessels and right ventricular outflow tract and a 
patent foramen ovale. In the second case, the surgeon 
reported air bubbles emerging from the spinous processes 


during decortication. Fifteen milliliters of air was aspirated — 


from the CVP during resuscitation, and the patient recov- 
ered uneventfully. 
These cases of hemodynamically significant VAE during 


spinal fusion support the recommeridations made by Albin | 


et al. (1) and Lang et al. (2) for increased vigilance for VAE 


in these patients. However, some modifications from tech- | 


niques used in sitting cases may be desirable or necessary. 
In our institution, we routinely place a single-lumen CVP 


catheter for intravascular fluid management and confirm its - 
position radiographically in the postoperative period. In | 


the prone patient, the ideal location for a CVP catheter for 


treatment of VAE may be at the inferior vena cava—tight | 
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atrial junction. Securing a precordial Doppler over the right 
atrium in the presence of chest rolls or Tower table sup- 
ports is difficult. The use of nitrous oxide in patients at risk 
for VAE is controversial. Losasso et al. (4) reported no 
increase in the incidence or severity of VAE during sitting 
craniotomy in patients receiving nitrous oxide. However, 
these patients were monitored with a precordial Doppler 
and nitrous oxide was discontinued immediately upon 
Doppler detection of VAE. For spinal surgery, we generally 
administer nitrous oxide in concentrations =50%. Monitor- 
ing of spinal cord integrity is routine in our ihstitution; total 
avoidance of nitrous oxide during these cases would neces- 
sitate increased concentration of the volatile anesthetics, 
resulting in attenuation of somatosensory evoked potential 
waveforms and an increase in the amount of time required 
to perform a “wake-up” test. 

Mass spectrometry or capnography are noninvasive and 
sensitive monitors for VAE and should be part of routine 
monitoring during these cases. Early detection and rapid 
intervention is critical to the termination of air entrainment. 

In summary, two additional cases of hemodynamically 
significant VAE during spinal fusion are reported. Until the 
true incidence of VAE in these cases is known, increased 
vigilance and monitoring are advocated. A prospective 
study is needed to clarify this issue. 

Terese T. Horlocker, MD 

Denise J. Wedel, MD 

Roy F. Cucchiara, MD 

Department of Anesthesiology 
Clinic 

200 First Street SW 

Rochester, MN 55905 
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To the Editor: 


Dr. Albin and colleagues preserit a well-documented case 
of VAE during radical retropubic prostatectomy (1). The 


_ authors discuss the fact that multiple episodes of Doppler- 


detected VAE occurred without the ability to aspirate air 
through the CVP catheter (although 20 mL of air was 
aspirated on one occasion). They suggest that this inability 
to aspirate air may have been related to the sensitivity of 
the Doppler and the time lag between the moment of 
Doppler activation with an auditory signal and manual 
aspiration of the CVP catheter (“small volumes of air may 
pass the tip of the central line before aspiration occurs and 
the bubbles then enter the right atrium’’). 

I would like to suggest another factor that might have 
played an important role in the inability to aspirate air from 
the CVP catheter. The catheter used for air aspiration was 
positioned at the junction of the right atrium and superior 
vena cava (as confirmed by a radiograph). The prior study 
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by Bunegin et al. (2), which suggested that this was the 
optimal catheter position for aspiration of VAE, was con- 
ducted in a heart model with air injected into the superior 
vena cava. In these experiments, the model heart was 
maintained in either a horizontal or “head up” position 
(frontal inclinations of 60°, 80°, and 90°). In contrast to these 
model simulations, the patient in the case report was 
positioned in a head-down position, and air entry into the 
heart was via the inferior vena cava. Air entering the heart 
at the junction of the inferior vena cava and right atrium 
might therefore be in a position superior to the CVP 
catheter tip, and less amenable to aspiration via the catheter 
due to gravitational effects. Have the authors performed 
any in vitro model studies (similar to the prior study by 
Bunegin et al.) under these conditions (ie, air entry via the 
inferior vena cava and frontal plane inclination below the 
horizontal position)? 


Terry W. Latson, MD 

Department of Anesthesiology 

University of Texas Southwestern Medical Center 
5323 Harry Hines Boulevard 

Dallas, TX 75235-8894 
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In Response: 


We appreciate the remarks of Horlocker and colleagues and 
that of Latson concerning our recent paper (1). Although he 
was not an author on the original paper, we have asked 
Bunegin to participate in these comments because of his 
expertise in air bubble distribution and rheology. 

One of the critical problems in dealing with VAE in the 
prone position relates to its rapid diagnosis, and one can 
safely say that the precordial Doppler appears to be the 
most sensitive monitor available at this point in time (2,3). 
Although it might be difficult to position the Doppler with 
the patient in the prone position, we have been able to deal 
with this problem successfully. In the event bolsters are 
used, we secure the precordial Doppler in place, covering it 
with an ample supply of 4x4-in. sponges covered over with 
elastoplast and preceded with benzoin or other adhesive. 
When the Tower table is used, the Doppler probe ts 
surrounded by a cushion of foam rubber and taped in 
place. 

Although we believe that the lag time between Doppler 
air bubble detection and catheter aspiration can be a factor 
in explaining the inability to aspirate air, Dr. Latson may be 
correct in thinking that the volume of air obtained from 
catheter aspiration may be decreased in the prone position 
because of gravitational layering of air above the catheter 
tip out of range of the cone of aspiration. We have carried 
out bench experiments (unreported) with the right atrial 
model in the horizontal (supine) plane that suggest a 
reduction in aspiration efficiency occurs in both the single- 
orificed and multiorificed catheters. This appears to be 
primarily due to the sinking of the higher density (relative 
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to blood) catheters, while bouyancy keeps the air emboli 
floating near the upper surface of both the superior vena 
cava and the right atrium. Limited success in aspirating air 
in this position was observed using a balloon-tipped single- 
orifice catheter. After balloon inflation with 0.75-1.00 mL of 
air, the catheter floated to the upper surface, positioning 
itself among the air bubbles and allowing for better aspira- 
tion. 

Besides the fact that routine monitoring for VAE is 
usually not performed during spinal surgery in the prone 
position, our lack of knowledge of the actual incidence of 
VAE has also been influenced by the malpractice crisis. In 
general, outcomes involving serious morbidity or death 
that are in the process of litigation are now rarely reported 
in the medical literature, even when the legal process has 
been terminated for a considerable period of time. In talks 
and telephone conversations with anesthesiologists in 
many parts of the United States subsequent to the publica- 
tion of this paper, the senior author (M.S.A.) was as- 
tounded to find that the problem of VAE in the prone 
position during spinal surgery resulting in serious out- 
comes was encountered by many of our colleagues during 
the past decade and never reported in the literature. It is 
important that this problem be addressed as we are being 
lulled into a false sense of security, resulting in a skewed 
incidence rate of these complications. 


Maurice S. Albin, MD, MSc (Anes) 
Richard R. Ritter, MD 

Leon Bunegin, BS 

Department of Anesthesiology 

University of Texas Health Sctence Center 
7703 Floyd Curl Drive 

San Antonio, TX 78284 
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An Aid to Oral Intubation in 
Patients With Potential Cervical 
Spine Injuries 


To the Editor: 


The recent review article by Hastings and Marks presents a 
refreshing and sensible approach to the airway manage- 
ment of patients with potential cervical spine injuries (1). In 
line with most British anesthetists, we would also recom- 
mend direct laryngoscopy and oral intubation, with the 
head stabilized in the neutral position, for patients with 
potential cervical spine injury requiring immediate airway 
control. When the head and neck are in this position, the 
glottis tends to be more anterior and at laryngoscopy 
complete, or even partial, exposure of the cords may be 
impossible. Under these circumstances an excellent, simple 
aid to intubation, not mentioned by the authors, is the gum 
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elastic bougie (Eschmann, England) (2,3). This device is 
commonly used in the United Kingdom, but would seem to 
be less popular in North American practice. The distal 2 cm 
of the bougie is angled at about 45°, and if this is guided 
behind and adjacent to the epiglottis, it will invariably pass 
through the cords into the trachea. The tracheal tube can 
then be “rail-roaded” over the bougie down into the 
trachea. Endotracheal placement of the bougie is confirmed 
if it is felt to (a) bounce over tracheal rings, (b) rotate as it 
enters a main bronchus, or (c) come to a stop within the 
chest as it reaches the small bronchi during gentle insertion 
(4,5). Correct placement of the tube in the trachea must be 
confirmed in the usual manner, preferably by capnogra- 
phy. A study that we have just completed has shown that 
use of the gum elastic bougie during routine intubation 
adds, on average, only 10 s to the overall time taken for the 
procedure. If the bougie was used routinely as an aid to the 
oral intubation of patients with potential cervical injuries, it 
would be unnecessary to expose the cords, and movement 
of the cervical spine would be minimal. 


Jerry P. Nolan, FCAnaes 
Michael E. Wilson, PhD, FFARCS 
Department of Anaesthetics 

Royal United Hospital 

Combe Park 

Bath BAI 3NG 

United Kingdom 
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Not All E Cylinders Were 
Created Equal 


To the Editor: 


Recently we encountered an anesthesia machine that 
would not roll. The machine was a North American Drager 
Narkomed 2B, and the cause of the immobility was an 
oversized aluminum E cylinder pressing against one of the 
rear wheels (Figure 1). 

Spun aluminum E cylinders have gained popularity 
because of their light weight, corrosion resistance, and ease 
of handling. However, for adequate strength, the alumi- 
num cylinder walls must be thicker than standard steel 
cylinders. To compensate for internal volume loss, spun 
aluminum cylinders were originally 2 in. longer than steel 
cylinders (28! in. versus 261% in.) but had the same 4% in. 
outer diameter. Because the longer aluminum cylinders 
were unsuitable for many applications, the industry re- 
turned to manufacturing the standard 26%4-in. length and 
increased the outer diameter to 4% in. 

Installation of the longer aluminum E cylinders some- 
times causes anesthesia machine immobility. Forced rolling 
of such a machine could shear the cylinder valve from the 
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Figure 1. The oversized aluminum E cylinder on the left immo- 
bilized the rear wheel of the anesthesia machine. The center 
aluminum cylinder has a larger external diameter than the steel 
cylinder on the right. 


hanger yoke and create a substantial hazard. Some mem- 
bers of the compressed gas industry have referred to the 
longer cylinders as the edsel of compressed gas cylinders. 


]. Jeff Andrews, MD 

Robert V. Johnston, Jr., MD 
Department of Anesthesiology, E-91 
The University of Texas Medical Branch 
Galveston, TX 77550-2778 





Anesthetic Drugs and the 
Emergency Department: One 
Teaching Institution’s Response 


To the Editor: 


We read with interest the recent article by Cheng and 
colleagues regarding anesthetic drug use in the emergency 
department (ED) (1). We agree that anesthesia involvement 
to maintain quality of care and ensure appropriate drug 
administration in the ED is mandatory, and wish to relate 
our multidisciplinary response to this problem. 

We held an initial meeting to determine which specific 
anesthetics should be routinely stocked in the ED. A 
protocol for each chosen drug was then developed by the 
ED attending staff, reviewed, and revised where necessary 
by an anesthesiologist, and subsequently signed by the 
chairmen of anesthesia and emergency medicine for incor- 
poration into the ED’s policies and procedures manual. The 
protocols were also standardized to include the following: 
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1. Statements restricting use only under the direct super- 
vision of the ED attending physician 

2. A statement for neuromuscular blocking drugs mandat- 
ing that surgical control of the airway be immediately 
available 

3. A concise list of each agent’s indications and contrain- 
dications 

4, Each drug’s onset and duration of action 

5. Unusual drug side effects (such as stimulation of secre- 
tions and emergence phenomena from ketamine) 

6. Proper procedures for drug administration, including: 

a. an observable location 

b. Immediate availability of all equipment necessary for 
definitive airway management and resuscitation 

‘c. Required monitoring, with intravenous access, elec- 
trocardiogram, pulse oximetry, and supplemental oxy- 
gen as minimum standards 

d. Drug dose and mode of administration (bolus, titra- 
tion to effect or maximum dose, use of “priming” 
technique, etc.) 

e. Use of preoxygenation, cricoid pressure, and confir- 
mation of appropriate endotracheal tube placement 
using a colorimetric end-tidal carbon dioxide detector 
(2) for all rapid-sequence intubation techniques 


To ensure rapid access to vital drug information, a one- 
page chart summarizing all drug doses, onsets and dura- 
tions of action, and contraindications was taped to the door 
of the ED controlled substances lockbox containing these 
agents. In-service sessions for both ED physicians and 
nurses were subsequently held to familiarize them with the 
appropriate use and effects of each agent. The ED’s quality 
improvement program has not discovered any cases of 
adverse patient outcome or inappropriate agent use in the 
18 mo that have elapsed since these protocols were insti- 
tuted. 

We encourage readers to initiate similar programs 
within their institutions in an ongoing effort to maintain 
standards of care regarding anesthetic drug use in the ED. 
Jeffrey S. Kelly, MD, FACEP 
Earl Schwartz, MD, FACEP 
The Bawman Gray School of Medicine 


Wake Forest University 
Winston-Salem, NC 27157 
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Peer-Reviewed Anesthesiology 
Journals and Research 


To the Editor: 


The excellent review of anesthesiology journals by Dr. 
N. M. Greene (1) raises two important issues. The first is 
whether peer-reviewed anesthesiology journals accurately 
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reflect the health, vigor, and scientific validity of our 
scientific discipline and the second is whether the amount 
of new, important, and valid scientific research is actually 
decreasing in proportion to the total amount of material 
published in the anesthesiology literature. 

Dr. Greene asserts that the contents of peer-reviewed 
journals represent the cutting edge of our specialty; we 
must therefore rely upon these sources to keep abreast of 
new developments and resign ourselves to the increased 
time and expense required. I would argue that it is not the 
task of ordinary anesthesiologists to make up for the 
deficiencies of an ever increasing number of journals or 
their contents. It is surely the duty of editors to separate the 
wheat from the chaff to ensure that the reader is not 
troubled by useless and irrelevant material. By the same 
token I would argue that readers of journals cannot make 
up for the deficiencies of mediocre research programs; 
doctors are still poorly trained in scientific methodology 
and the stimulus for research is often related to promotion 
or tenure rather than genuine interest. 

Clearly we can only individually assess the health of our 
specialty and keep abreast with an ever expanding research 
base if all the data are presented. But how may this be 
achieved without increasing, still further, the number of 
publications? I might suggest improved training, the en- 
couragement of relevant long-term projects not necessarily 
linked to career status (especially multicenter studies and 
studies of morbidity and mortality), and the inclusion of 
specialists, for example, statisticians in all research pro- 
grams. I would also suggest that biomedical journals be 
encouraged to publish information concerning the number 
and quality of rejected papers and that papers that would 
otherwise be rejected are published, without modification, 
with a critical review in a special section or edition. This 
latter approach might discourage the submission of poor 
research, educate potential researchers, and provide a little 
light amusement (Dear Dr. Lewis thank you for your 
interesting article, we intend to publish it in next month's 
“rejected”’ section). Finally I would suggest that authors 
remain anonymous until a given article is finally accepted 
or rejected for publication, thus helping to eliminate bias 
induced by knowledge of the authors’ previous research or 
status. i 

Dr. Greene’s comments should alert the academic com- 
munity that all may not be well; history has a habit of 
repeating itself. Jonathan Swift’s allegorical account of 
scientific research, depicted in Gulliver's visit to the grand 
Academy of Lagado in the land of Balnibarbi (2), was based 
on a visit in 1710 to the Royal Society in London. Today we 
view the antics of the scientists in Gulliver's Travels with 
some amusement and give the book to our children to read. 
I hope that future generations of intellectuals will not 
regard us in the same light. 


Ian H. Lewis, MB, BS, MRCP, FFARCS 
Department of Anesthesiology 

IG 323, University Hospital 

Box 0048 

1500 East Medical Center Drive 

Ann Arbor, MI 48109 
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In Response: 


Dr. Lewis presents us with a rich smorgasbord of com- 
ments, complaints, and recommendations. Those most 
deserving of response include: 

The comment to the effect that “it is surely the duty of 
editors to separate the wheat from the chaff” in deciding 
what to accept for publication is a truism. In fact, as 
suggested in the article Dr. Lewis is commenting upon, 
failure of editors to recognize this responsibility is one of 
the reasons why there are so many articles in today’s 
plethora of anesthesia journals that can best be character- 
ized as space-occupying lesions or just plain shifting dull- 
ness. The author of the article being commented upon 
declined to quantitate this by statistical analysis and citation 
of data but instead elected to make the point obliquely and 
subtly. Too obliquely and subtly for Dr. Lewis, perhaps, 
but in today’s litigious society in which three times more 
lawyers than doctors are produced, prudence, to say noth- 
ing of civility, is in order. There are many reasons why 
editors are remiss in this regard, reasons we need not dwell 
upon in writing, but certainly they include the pressure put 
on some editors to publish less than memorable materials 
rather than adhere to standards so high that an issue of 
their journal might contain only 50 pages. 

The suggestion that authors of articles submitted for 
publication remain anonymous during the review process 
is naive. Two-thirds of the papers submitted for publication 
that merit publication represent a continuum of articles 
coming from established, productive research programs. 
One does not need a title page to know where they come 
from. If in doubt, one has only to check the references 
cited. The remaining third of the papers submitted for 
publication that warrant publication come from first-time or 
infrequent authors who remain functionally anonymous 
because few if any reviewers know them. 

The plea for auctorial anonymity also includes an ele- 
ment of offensiveness. It implies that the intellectual integ- 
rity of reviewers is so fragile as to yield to the sin of bias 
simply because the name and origin of the paper under 
consideration are known to the reviewer. One need not 
impugn the honesty and objectivity of reviewers of papers 
as a weakness inherent in the peer-review process. Also, of 
course, one of the responsibilities of editors-in-chief is to 
monitor critiques of reviewers and to eliminate those re- 
viewers who produce critiques vapid, hostile, or biased. 
Such quality control is most readily achieved by relying 
upon a restricted number of reviewers of demonstrable 
ability and proven objectivity and reliability (eg, an editorial 
board), rather than covering the countryside with requests 
for manuscript reviews from inexperienced consultants 
even if they happen to be expert in the topic involved. An 
expert is not always necessarily a good reviewer. 

Finally, this reader is not accustomed to being left 
speechless but he finds he is totally aphasic when trying to 
respond to the suggestion that rejected papers be pub- 
lished, along with reasons for rejection, in, presumably a 
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new anesthesia journal, the “Journal of Inadequate Papers” 
(IP). Perhaps we can leave the satire to Jonathan Swift. 


Nicholas M. Greene, MD 
Department of Anesthesia 

Yale University School of Medicine 
New Haven, CT 06510 


Another Approach With the 
Laryngeal Mask Airway 


To the Editor: 


I read with interest the letter by Dr. Benumof on the use of 
the Brain laryngeal mask airway (LMA) to facilitate fiber- 
scopic intubation (1). 

I too use the LMA as a routine in the management of 
patients in whom it may be difficult to visualize the larynx 
conventionally. I reserve the technique for those patients 
who would not otherwise be candidates for rapid-sequence 
induction and cricoid pressure. 

I begin by a conventional mask gaseous induction using 
isoflurane or halothane in oxygen. Once the patient is 
judged to be “deep” enough to tolerate an airway, I insert 
the LMA and complete the spontaneous ventilation induc- 
tion. I then insert the fiberscope “loaded’’ with a 6.0 
uncuffed endotracheal tube (ETT) through the fiberscope 
swivel connector (Portex) and into the LMA. I introduce the 
scope and ETT in the manner described by Dr. Benumof, 
while maintaining anesthesia through the LMA. After 
intubation, the breathing system can then be connected to 
the ETT to continue anesthesia before the final step, which 
is to change the small ETT for another of the required 
diameter. For this purpose I use a gum elastic bougie 
(barely long enough) or a “bicycle cable,” which is passed 
through the 6.0 ETT before the ETT and LMA are removed 
together. Reintubating over the bougie is facilitated by a 90° 
counterclockwise twist of the ETT. 

The advantages of this technique are that “no bridges 
are burned” as spontaneous ventilation is maintained, 
anesthesia can be continued through the LMA until the 
moment the trachea is intubated, and an appropriate-sized 
ETT is used for the duration of the surgery. 

Unlike Dr. Benumof I retain the ETT in the trachea in 
cases of difficult intubation until I am satisfied that the 
patient is awake and protective reflexes have returned. 

I share Dr. Benumof’s view that there is a role for the 
LMA in the management of a difficult intubation but would 
add that experience is needed with the technique and that 
safety may be enhanced by maintaining spontaneous ven- 
tilation until the airway is secured with an endotracheal 
tube. 


David I. Thomas, FFARCS 
Department of Anesthesia 
University of Texas Medical Branch 
Galveston, TX 77550 
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Section Editor 
Norig Ellison 


Book Reviews 


Lecture Notes on Anaesthetics 


John N. Lunn. Boston, Massachusetts: Blackwell 
Scientific, 1991, 149 pp, $29.95. 


The fact that this text is in its fourth edition since 1979 
suggests the success of previous editions. As its title 
implies, the text does read as if it were based on lecture 
notes prepared for medical students. An introductory chap- 
ter on “Why Anesthesia?’ contains such philosophical 
remarks as “surgical operations are best done as a result of 
cooperation between equal partners” and “there are fewer 
diagnoses to be made in anesthesia than in general medi- 
cine, but the time available for making the diagnoses is 
much briefer.” Dr. Lunn’s readable style is this book’s 
greatest forte. It makes the entire text more enjoyable for 
the reader and makes this text something that a medical 
student could assimilate in a very short time. Individual 
chapters cover subjects such as preoperative assessment, 
resuscitation, applied pharmacology, monitoring, coma, 
applied physiology, local and regional anesthesia, and 
equipment. The author avoided making the content as 
inclusive as the introductory texts or larger reference works 
on anesthesiology written in the United States. The lack of 
references might limit further reading for the inquisitive 
student. Variations in terminology, drugs, and even refer- 
ences to monitoring, give Lecture Notes on Anaesthetics a 
decidedly British flavor, which should make it more popu- 
lar among medical students in the United Kingdom. 


Ronald J. Faust, MD 
Mayo Medical School 
Rochester, Minnesota 


Moc Hoa 
P. Kammholz. Oshkosh, Wisconsin: Starboard, 
1990, 103 pp. 


Viet Nam—the name still stirs dark memories, primitive 
passions and visceral feelings of guilt, remorse, anger, and 
hate. But there were those who assumed great risks and 
faced daunting danger to serve the wounded and ill and to 
save lives, those of American and allied military personnel, 
those of the enemy, and importantly, those of the inno- 
cent—men, women, and children, who could not run or 
hide, and who had no option but to stay in their own 
country and suffer the blows of their own countrymen, and 
those who would save them from their countrymen. The 
role of the military physician in Viet Nam has received 
scant attention, either in the contemporary press or in later 
reviews. Television presentations have been pretentious 
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nonsense and insulting to those who served in Southeast 
Asia. 

In Moc Hoa, Larry Kammbhoiz, has attempted to rectify 
this situation and shine a light into the one of the dark 
corners of military medicine in Viet Nam, but with mixed 
results. He served as Medical Director of a MILPHAP 
(Military Provincial Hospital Assistance Program) team in 
the village of Moc Hoa in Kien Tuong Province, west of 
Saigon and near the Cambodian border in the Plain of 
Reeds. He presents a diary of his presence in Viet Nam in 
1966-1967 with the amateurish intensity of one undergoing 
a wrenching emotional and physical experience, spewing 
forth unrelated facts, ideas, events, jumbling them all 
together and then tumbling them out before us. Sentences 
do not flow; they stumble along falling all over each other. 
The accompanying photographs add little to the text. 

The book is superficial. Dr. Kammholz expresses some 
interest in the Vietnamese people, but never gets beyond 
the obvious. It is impossible also to discern his own 
concepts of what he did and why, and the importance of 
his presence. Perplexedly, he writes repeatedly of con- 
temptible deeds committed by various military groups and 
personal associates, and then casually absolves them of all 
blame, explaining them as aberrations in their otherwise 
praiseworthy performance. Consistency is not his strength. 
Battle scenes are depicted in the WOW! GOLLY! genre best 
left to comic books. 

Amateurish, inconsistent, perplexing, frustrating, an- 
noying, and yet, real. For those who were there, a remi- 
niscence. For those who were not, a realistic depiction of an 
unpleasant era. The definitive description of the medical 
effort in Vietnam is yet to be written; Moc Hoa is a starting 
point for those patient enough to bear with its faults. 


Alexander W. Gotta, MD l 
State University of New York Health Science Center 
Brooklyn, New York 


The Design of Analgesic Clinical Trials. 
Volume 18 in Advances in Pain Research 

and Therapy 

Mitchell B. Max, Russell K. Portenoy, and Eugene M. 
Laska, eds. New York: Raven Press, 1991, 729 pp, 
$128.50. 

The Design of Analgesic Clinical Trials is written by authors 
invited by the editors for their expertise in clinical analgesic 
research. The book contains 32 chapters and is sponsored 
by the International Association for the Study of Pain, 
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American Pain Society, U.S. Cancer Pain Relief Committee, 
and multiple corporate sponsors. 

The editors intend this book as a resource for both the 
novice and the experienced in clinical research of analgesic 
drugs. The book provides information in the first section of 
various pain models and single or multiple design studies. 
The second section is aimed at studying analgesic efficacy 
in specific pain syndromes, and the third section deals with 
miscellaneous “other issues.” 

The book starts with a historical perspective of clinical 
research followed by chapters written by experts. These 
chapters are divided into three parts. Section I is titled 
“Steps in the Clinical Evaluation of an Analgesic” and 
contains the following chapters: Phase I studies, experi- 
mental pain models, single-dose analgesic comparisons, 
the VAS relief scale, multidose short-term analgesic stud- 
ies, multidose analgesic studies in chronic pain models, 
and N of 1 trials. The chapters in this section provide basic 
information for the novice, such as definition and aims of 
Phase I studies, experimental analgesia and its limitation, 
common designs used in new analgesic investigation, out- 
come measures, and multidose and single patient studies. 
Most of the chapters are short (10 pages in length or less), 
with tables and figures appropriate to enhance the impact 
of the text. The chapter titled “Phase I studies” is the best 
written in this section and informative. 

The second section titled “Designing Analgesia Studies 
to Meet Specific Clinical Needs,” is 339 pages long and 
deals with numerous pain syndromes such as pain due to 
neuropathic conditions, cancer, low back problems, os- 
teoarthritis, sickle cell disease, orofacial conditions, sports 
injuries, headache, and dysmenorrhea. Special situations 
such as trials in pediatric pain patients, spinal opioids, and 
patient-controlled analgesia are also discussed. This section 
is confusing to the reviewer and may be also to the novice. 
An attempt is made to define specific pain conditions and 
provide guidance in designing clinical analgesic trials. Even 
though the information provided in this section may be 
useful for that purpose, it does not help the clinician 
improve his basic knowledge of those pain syndromes. For 
the anesthesiologist, the chapters on spinal opioids and 
patient-controlled analgesia are most relevant. Unfortu- 
nately, it does not provide any new information, and in fact 
better and more detailed material is available in other books 
and journals. 

The third section of 178 pages contains miscellaneous 
material such as pharmacokinetic consideration in analgesic 
study design, endogenous mediators, the training of nurse 
observer, the FDA regulations of clinical studies, and 
statistical methods. Most of the chapters are well written. 
For the academic anesthesiologist and/or pain specialist, 
the chapters “Pharmacokinetic Considerations in Analgesic 
Study Design” and “The Food and Drug Administration’s 
Regulation of Clinical Studies’’ are extremely useful and 
informative. 

In summary, the book fills the void for the academic 
anesthesiologist or pain specialist. It is well written, helps 
the novice more than the experienced, and is mandatory for 
the research library of the academic departments. It unfor- 
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tunately does not give enough information to the expert in 
the field. 


P. Prithvi Raj, MD, FCAnaes 
Southeastern Pain Institute 
Georgia Baptist Medical Center 
Atlanta, Georgia 


Blood Transfusion Therapy: A Physician's 
Handbook, 3rd ed., 1989, 104 pp. 


Blood Transfusion Therapy: An Audiovisual 
Program, 2nd ed., 1991, 78 slides and 

two tapes. 

D. T. Pasciotto, ed. Arlington, Virginia: American 
Association of Blood Banks, $200.00 for both the 
Handbook and the Audiovisual Program. 


This is the third edition of Blood Transfusion Therapy and like 
the previous two editions, it is a concise, referenced sum- 
mary of current transfusion medicine practices. The hand- 
book is prepared by the AABB’s Component Therapy 
Committee and is directed toward medical as well as 
paramedical professionals. The book is divided into five 
sections that include blood components, plasma deriva- 
tives, transfusion practices, hemostatic disorders, and 
transfusion reactions. Each section not only provides edu- 
cational material, but also practical instruction to guide 
transfusion management decisions. The handbook comes 
in a convenient pocket size, so that it may be easily referred 
to when making initial preoperative anesthesia evaluations 
and would also be readily accessible as a reference source in 
the operating room. 

In the sections that discuss blood components and 
plasma derivatives, a short description is provided of each 
specific component or derivative followed by indications, 
contraindications and precautions, and dose and adminis- 
tration of each component or derivative. The section on 
transfusion practices covers areas such as autologous trans- 
fusion, emergency transfusion, massive transfusion, and 
two areas not covered in previous editions, management of 
alloimmunization and transplantation. Although the dis- 
cussions are consistently brief, references are provided as 
well as a list of recommended readings when further 
investigation is necessary. 

Transfusion-transmitted disease is covered briefly under 
the transfusion reactions section. Given the attention to this 
area in recent years and concern generated, more coverage 
of this topic is deserved. In addition, the publication of this 
handbook is prior to the discovery of the hepatitis C virus 
(HCV) and the subsequent testing of blood and compo- 
nents for hepatitis C antibody (anti-HCV). A timely discus- 
sion of this topic is thus lacking. 

The second edition of Blood Transfusion Therapy: An 
Audiovisual Program, was published in 1991 and is based on 
the handbook. Included in the program are slides, an audio 
tape, and a booklet. Similar to the handbook, the audio- 
visual program is also directed toward both medical and 
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paramedical professionals and is designed to review the 
principles and practices of transfusion medicine. The color 
slides provided are descriptive and formatted well. They 
may be used in combination with the audio tape for a 
readily available lecture or discussion on this topic. The 
booklet provided contains black-and-white illustrations of 
the slides along with the verbatim script of the audio tape, 
thus allowing for individualized study or review. 

The program is divided into the same five sections as the 
handbook. Missing in the audiovisual program, although 
touched upon briefly in the handbook, is a discussion of the 
use of type and screen to more effectively use the supply of 
banked blood. Similar to the handbook, more attention 
could have been devoted to the discussion of transfusion- 
transmitted disease. The audiovisual program does, how- 
ever, discuss the discovery of the hepatitis C virus and the 
ability to test blood and components for the virus (anti- 
HCV). 

In summary, both the handbook and the audiovisual 


program provide a quick reference source for information: 


related to transfusion therapy. It is not a complete discus- 
sion or reference source for this topic, but it is not intended 
to be. They instead fulfill their goal of furnishing a concise 
description of the practice of transfusion medicine in an 
informative and useful manner. 


Kirk T. Benson, MD 
University of Kansas Medical Center 
Kansas City, Kansas 


Animal Pain 
Charles E. Short and Alan Van Poznak, eds. New York: 
Churchill Livingstone, 1992, 587 pp, $84.95. 


Animal Pain represents an important new work in an area of 
scientific endeavor that has experienced a virtual explosion 
in the past three decades, with profound consequences on 
clinical care and the alleviation of human pain. Notwith- 
standing the plethora of scientific literature reporting on 
animal pain and animal pain models, little of this informa- 
tion is synthesized in convenient textbook form to make 
this information more accessible to the student of algology. 
Animal Pain is an effort to fill this void. 

It would appear that the most immediate readership of 
Animal Pain would be students and academicians in the 
world of veterinary medicine, particularly those with a 
scientific interest in pain‘ mechanisms. But there is a wealth 
of highly relevant and current information for the scientific 
investigator or the pain management clinician who desires 
to grasp the laboratory methodology that forms the scien- 
tific basis of pain medicine. The editors, Short and Van 
Poznak, have brought together 106 authors representing 
the neurosciences, clinical sciences, and veterinary medi- 
cine. The individual contributions are outstanding and 
quite current, with references dating as recently as 1991. 
The 23 chapters that comprise Animal Pain span a variety of 
topics ranging from neuropharmacology to veterinary prac- 
tices. The six opening chapters deal with the neuroanatomy 
and neurophysiology of pain sensation, endogenous pain 
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modulation, opioid pharmacology, and the physiologic and 
behavioral basis of defining animal pain. Eight chapters 
focus on the production of analgesia by aœ adrenergic 
agents. 

In keeping with the editors’ goal of promoting under- 
standing of how pain is experienced by animals, at least 10 
chapters present discussions relevant to animal pain not 
only in the laboratory setting but in the practice of veteri- 
nary medicine and livestock management as well. This is 
probably one of the most unique features of Animal Pain: its 
professed concern about animal suffering and a desire to 
promote awareness of how pain is produced and can be 
alleviated in animals within a variety of settings ranging 
from the laboratory benchtop to the farm. Indeed, the final 
chapters, which focus on the detection and monitoring of 
pain in animals and the ethics of pain experimentation in 
animals, underscore the humanitarian direction that this 
book takes. 

Notwithstanding the excellence of the individual contri- 
butions, there are some shortcomings in the final assembly 
of the book. Several of the chapters actually consist of two 
or more review articles in tandem which lack the flow or 
coherence of a single well-written chapter (eg, Chapters 5, 
7, 8, 9, 11, and 12). Some of the chapters (eg, Chapters 10, 
17, 19, and 20) are actually research papers or collections of 
research papers and a refereed journal of research sympo- 
sium might be a more appropriate place for such papers, 
rather than a textbook chapter that should more properly 
be an authoritative review of the subject that these papers 
embody. Although the content of most of these papers is 
quite good and representative of the field, it still makes for 
quite a patchwork assembly to have such “chapters” sand- 
wiched between the other “true” chapters of the book, 
which are indeed authoritative reviews. 

There is more than a generous amount of space afforded 
to the discussion of az-adrenergic agents. This class of 
agents has emerged as an increasingly important class of 
anesthetic and analgesic agents in veterinary medicine 
since the introduction of xylazine and the more recent 
interest in detomidine and medetomidine. But there is little 
time devoted to other analgesic systems (SHT, GABA, 
NMDA, nonopioid neuropeptides) or methodologies such 
as chronic arthritis models, models of deafferentation, 
neuroma induction, and sciatic mononeuropathy induction 
by ligature banding (Bennett’s animal model of sympathetic 
dystrophy which has generated a cascade of papers within 
the past 3 years; Pain 1988;33:87-107). Such topics would 
have definitely been of interest to pain investigators who 
utilize animal models. Electrophysiologic techniques such 
as WDR and STT recording are only given brief mention, 
even though these and other related techniques may hold 
the hope of supplanting the types of awake-animal behav- 
ioral studies of pain about which the editors are so con- 
cerned. 

In summary, Animal Pain is an important new work that 
begins to fill a void in the pain literature and should appeal 
to students of veterinary medicine as well as neuroscien- 
tists and clinicians interested in algology. There are a few 
shortcomings in the overall construction of the book that 
might leave the mature scientific investigator wishing for 
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Well-suited for short procedures 

Duration of clinically effective block (time to 
25% recovery of T+) following injection of 0.15 mg/kg 
is 16 minutes, making MIVACRON excellent for 
Short procedures. 


from Burroughs Wellcome Co. 


acting nondepolarizer 


Reduce spontaneous recovery time 
by up to 50% vs vecuronium 


Duration of 


continuous infusion Recovery times (min) 


5-95% 


(min)  Off-25%* 25-75% 





vecuronium 96.8+6.6 12.7+1.3t 13.8+0.9 32.0+1.2%$ 


(n=18) 
12.5+0.6t 10.9+0.3t 26.6+0.4t 


man 91.3+2.9 


(n=2 


1 SS 
Adapted from Ali et al, p. 544.2 *Time from discontinuation of infusion to 25% re- 


covery. 'P<0.01 atracurium or vecuronium vs MIVACRON; +P<0.001 vecuronium 
vs MIVACRON; $P<0.05 vecuronium vs atracurium. 


Noncumulative 

Continuous infusion of MIVACRON for up 
to 2.5 hours is not associated with the development 
of tachyphylaxis or cumulative neuromuscular 
blocking effects in ASA Physical Status |-II patients. 
Steady-state levels of block are rapidly achieved with 
minimal adjustment to the infusion rate. Limited data 
are available on MIVACRON (a mixture of three 
isomers) for infusions longer than 2.5 hours. 


New 





Savarese et al found... 
Fast recovery following bolus 
or infusion 


100 0.10 mg/kg === . 


0.15mg/kg === 


Infusion === 


19 


MN 
on 


TWITCH HEIGHT (% of control) 
D 





ao Qn 


0 5 10 15 20 25 30 35 40 90 95 100 105 
TIME (Min) AFTER START OF ADMINISTRATION 


Adapted from Savarese et al, p. 727.3 


MIVACRON za 
(mivacurium chloride) 
Short duration, fast recovery 


Please see full prescribing information for MIVACRON® and brief summary for Tracrium® (atracurium besylate) following this ad. 





New MIVACRON 


Up to half the duration 


Excellent cardiovascular 
profile at recommended doses 


% of patients with > 30% changes 
MIVACRON 


pi MAP HR 
Initial Dose ——— 
(mg/kg) L T 4 T 
0.20t 30% 0% 0% 8% 


0.25! 39% 2% 0% 14% 


“During opioid/N,0/0, anesthesia. 
‘Experimental dose, in excess of the maximum recommended dose of 
0.15 mg/kg. 


Minimal CV effects 

At the recommended initial dose of 
0.15 mg/kg, cardiovascular response to MIVACRON 
is minimal. Higher doses may produce effects 
associated with histamine release and may result in 
a decrease in blood pressure in some individuals. 
The incidence and magnitude of these hemodynamic 
changes are related to size of the dose and speed of 
the injection. In patients with clinically significant 
CV disease, the initial dose of MIVACRON should 
be administered over 60 seconds. 


Metabolized by 


plasma cholinesterase 

Like succinylcholine, MIVACRON should 
be used with caution in patients with reduced 
plasma cholinesterase activity. In patients hetero- 
zygous for the atypical plasma cholinesterase gene, 
Clinically effective duration may be prolonged by 
approximately 10 minutes. Homozygous patients 
(1 in 2500) are extremely sensitive to MIVACRON. 
MIVACRON should be used with great caution, if 
at all, in homozygous patients. 

However, unlike succinylcholine, once 
recovery has begun, MIVACRON can be reversed 
with conventional doses of neostigmine. 


Individualization of dosages 
a Significant CV disease 
> Obesity 
> Renal or hepatic disease 
a History suggesting greater sensitivity 


to release of histamine or related 
mediators 


from Burroughs Wellcome Co. 


half the recovery time 


A nondepolarizing alternative to Plus... 


succinylcholine for elective @ For use by bolus or infusion 
outpatient surgery ® Ready-to-use solution 

Timeto  Timeto ® Room temperature storage 

max. block recovery of l i 
n  (min)*  T=10% (min)* ® Available in 5 mL and 10 mL vials 
succinylcholine (2 mg/mL) and 50 mL premixed 
1.0 mg/kg 9 1.10.2 (1414 infusion bags (0.5 mg /mL) 
\dapted from Caldwell et al, p.395.! *P<0.05 succinylcholine vs MIVACRON. 1.Caldwell JE, Heier T, Kitts JB, Lynam DP, Fahey MR, Miller RD. Comparison of 
the neuromuscular block induced by mivacurium, suxamethonium or atracurium 

Caldwell et al concluded... during nitrous oxide-fentanyl anaesthesia. Br J Anaesth. 1989;63:393-399. 


2. Ali HH, Savarese JJ, Embree PB, et al. Clinical pharmacology of mivacurium 
chloride (BW B1090U) infusion: comparison with vecuronium and atracurium. 


"oo TE r : ‘ i 
...In those clinical situations in which Br J Anaesth. 1988;61:541-546. 
3. Savarese JJ, Ali HH, Basta SJ, et al. The clinical neuromuscular pharmacology 
i i of mivacurium chloride (BW B1090U): a short-acting nondepolarizing ester 
rapid onsel of action IS not required, neuromuscular blocking drug. Anesthesiology. 1988;68:723-732. 


mivacurium is an alternative to [succinyl- 
choline] for production of profound neu- 
romuscular block of short duration. "»3% 


New 
MIVACRON zk 
(mivacurium chloride) 

ohort duration, fast recovery 


Please see full prescribing information for MIVACRON® and brief su can r Tracrium® (atracurium besylate) following this ad 





MIVACRON® INJECTION 


MIVACRON PREMIXED INFUSION 
(MIVACURIUM CHLORIDE) 


This drug shoud be administered only by adequately trained Individuals famlfiar with ts actions, charectarisiios, 
and hazards. 


DESCRIPTION: MIVACRON (mivacurium chloride) is a nondepolarizing sketstal muscie relaxant 
for intravenous admintzirafion. Mivacurlum chloride is [HA ,R-B]}2,2-(1,8-diom-4-octene-1,8-diyijbietoxy- 
3,1-propanediyijbis{1,2,3,4-telrahydro-6,7-dirnaihoxy-2-methy!-1-H3,4,5-rimeihoxyphenyjimethyifsoquinoäinkum] 
dichloride. Tha molecular formula is CaaHmxChhOu and the molecutar weight fe 1100.18. The structural formuta 
is: 


is anac aaa i 
ose 


Tha parition coefficient of the compound is 0.016 in a 1-octanclidisilied water system at 26°C. 
Mivacurian chioride is a mbdure of three stereoisomers: (1A, 1R, 23, 2’S), the ians-rans diester, (1R, 1°A, 
2R, 2'9}, the cle-tane clester, and (17, 1R, 2R, 2A}, the cis-cis diester. The itene-éans and cis-irans storootscaners 
comprise 92% to 96% of mivacurium chioride and their newomuscular blocking potencies are not significantly 
diferent from each other or from mivecurtum chloride. The cle-cis diester has been esfinated from studies in 
cats to have one-tenth thse neuromuscular blocking potency of the other two stersclscmers. 
MIVACRON injection is a sterile, non-pyrogenic solution (pH 3.5 to 5.0) containing mivecurtum chloride 
equivalent to 2 mgn mivacuriica In Water for injection. Hydrochloric acid mary have been addad to adjust pH. 
MIVACHON Premixed infusion Is a sterfle, non-pyrogenic solution (pH 3.5 to 5.0; 260 mOcmol/L-meaasured) 
containing patvecoriam chioride equivalent to 0.5 mgfmi mivecurium in 5% Desdrose injection USP. Hydrochloric 
acid mey haro been added to adjust pH. 
CLIMICAL PHARMACOLOGY: MIVACRON (a mixture of three stareatsomers) binds competitively to 
cholinergic receptors on fhe motor end-pllate to antagonize the action of acetyicholine, resulting In a block of 
neuromuscular iraneniseion. This acon js antagonized by acetyicholinestorese inhibitors, such as neosligmine. 
: The time to maximum neuromuscular block is similar for recommended dossa of 

paith e aangestip aeaee ae Ge aiee 

agent, succinyicholine. The clintcally effective duration of aciton of the stereoisomers in MIVACHON {a 
robdure of three stersoisomars) is one-third to one-half that of intermediate-eciing agents and 240 2.5 times 
thet of succinyicholine. 
The average EDs (dose required to produce 85% suppression of the adductor pollicis rouscle taitch response 
to uiner nerve sfirutatton) of MIVACRON is 0.07 mgrkg (range: 0.06 to 0.09} In adutts receiving opjoid/niirous 
coddefoxypen anesthesia. The phenpecodynamics of doses of MIVACRON > Des ackrinistored over 5 to 16 seconds 
during oploidnivous cridefoxygen anesfhesia ara summarized In Table 1. The meen fine for spontaneous recovery 
of the twitch response from 25% to 75% of control ampiiude is about 6 minutes (range: 3 to 9, n=32) 
folowing an intik dose of 0.15 mg'kg MIVACAON and 7 to 6 minutes (range: 4 to 24, n=85) following initial 
doses of 0.20 or 0.25 mgrky MIVACRON. 
Volaiie anesthetics may decrease the dosing requirement for MIVACRON and prolong the duraiton of 
action; the magnitude of thees effects may be increased as the concentration of the volatile agent fs 
increased. Isoflurane and enflurane (administered with nitrous oxidefoxygen to achieve 1.25 MAC [Minimum 
Alveotar Concentration] may decrease the effective dose of MIVACRON by as much as 25%, and may protong 
the clinically effective duration of acficn and decreese the average Infusion by ks much as 
IA to 40%. At equivatont MAC values, halothane has iiie or no effect on the EDs of MIVACRON, but may 
prolong the duration of action and decrease the average Infusion requirement by as much as 20% (sce 
lIndividualization of Dosages subsection of CLINICAL PHARMACOLOGY and Drug Interaction subsection 
_ of PRECAUTIONS). 

Table 1 


Pharmacodynamic Dose Response During Oploid/Nitrous Oxide/Oxygen Anesthesia 
Time to Spontaneous Recovery" 


TT a 
y 7 
(rn) artis 


Children 2 to 12 Years 
0.11t00.12 [n=17] 


0.20 [n= 18] 
0.25 [n=] 


TVelues shown are medians of means from individual studies (range cf Individual patient values). 
oa et a bmp T a 
“Data available for as few as 40% of adults in specific dose groups and for 22% of children in the 0.20 mg‘kg 
dose group due to administrafton of reversal agents or additional doses of MIVACRON prior to 95% 
recovery or TaT: rafio recovery to 275%. 


Administration of MIVACRON over 60 seconds does not alter the time fo maodmum neuromuscuar block or the 
duration of action. The duration of action of the stereoisomers In MIVACRON may be prolonged in patients wiih 
reduced plasma chofnesterase (pseudoch olinestorase) acthily (see Reduced Plusina Cholinesterase 
Activity subsection of PRECAUTIONS and Individuallzation of Dosages subsection of CLINICAL 
PHARMACOLOGY). 

Interpaiior! variabiily in duration of action occurs with MIVACKON as wah other neuromuscular blocking agerts. 
However, analysis of data from 224 patients in clinical studies recotving various doses of MIVACRON during 
opioid /nztrous anesthesia with a variety of premedicants and varying lengths of surgery 
indicated that approximately 90% of the pailents had cSinically effective durations of block within 8 minutes of 





“the median duration predicted from the dose-response data shown in Table 1. Variations in plasma 


cholinesterase actrity, including values within the normal range and values as low as 20% below the lower Imi 
of the normal range, were not associated with clinically signiicamt effects on duration. The varlebllity In duration, 
however, was greater in patients with piasme chotinesterase activity et or slightly below the lower imt of the 
normal range. 
A dose af 0.15 mpeg (2 x EDes) MIVACRON administered during the induction of fhiopental/cptoid/nitrous 
anesthesia produced generally good-to-excellent conditions for tracheel Intubation in 2.5 
minutes. Doses of 0.20 and 0.25 mg'kg (3 and 3.5 x EDss) yielded similar conditions in 2.0 minutes. 
Repeated administration of meinsenance doses or continuous Infusion of MIVACRON for up to 2.5 hours is not 
associated with development of or cumuiative neuromuscular blocking effects in ASA Ptrysical ` 
Status Hi pailerts. Limiied deta are matable from pakontes recalving indusions for longer then 2.5 hours. Spontaneous 
recovery of neuromuscular function after Infusion fs Independent of fhe duration of infusion and comparabte 
to recovery reported for single doses (Table 1). 
The neuromuscutar block produced by the stersolzomers in MIVACHON fs readily antagonized by anficholinestorass 
agers. As seen with other nondepolarizing neuromuscular blocking agents, the more profound the 
neuromuscular block at the ime cf reversal, the longer the tine and the greater the dose of anticholinestorass 
agent required for recovery of neuromuscular function. 
In children (2 to 12 years), MIVACRON has a higher EDæ (0.10 mg/kg), faster onset, and shorter duration of 
action then in adutts. The meen fine for spontaneous recovery of fhe haltch respones from 25% to 76% of control 
ampitude is about 5 minutas (n=4) following an ināia] dose of 0.20 mg‘kg MIVACHON. Recovery following reversal 
is fester in children than in adults (Table 1). 
Hemodynamics: Adminisiraiion of MIVACRON in doses up to end including 0.15 mg/kg (2 x EDs) over 5 to 
15 seconde to ASA Physical Status HI patients during optoid/nfirous oxidefoxygen anesthesia Is associated 
with minimal changes In mean arterial blood pressure (MAP) or hoart rate (HA) (Table 2). 


Tabte 2 
Cardiovascaier Does Response Doring Opiokd/Nitross Oxide/Oxygen Ansethesla 


Children 2 to 12 years 
0.11 to 0.12 





Higher doses of 20.20 mg/kg (23 x EDes) may be associated with transient decreases in MAP and Incroases 
in HR in some peilents. These decreases In MAP are usually meoamel within 1 to 3 minutes following the dose, 


by 
30 or 60 seconde (soe Individualization of Dosages subeection of CLINICAL PHARMACOLOGY and 
General subsection of PRECAUTIONS). 
Analysis of 426 patients in clinical studies receiving infila! dosse of NIVACRON up to and Including 0.30 mg'kg 
(Le., 2 times the recommended intubating dose) during oploid/nlirous axide/oxygen anesthesia showed thet 
high initial dosos and a rapid rate of Infection contributed fo a greater probability of experiencing a decrease 
of > 30% In MAP afier MIVACRON acministralion. Obese paiients alvo had a greater probability of experiencing 
a decrease of 230% in MAP when dosed on the basis of actual body weight, thereby receiving a larger dose 
then If dosed cn the basis of ideal body weight (see Individuallzation of Dosages subsection of CLINICAL 
PHARMACOLOGY and fhe General subsection of PRECAUTIONS). 
Children experience minimal changes In MAP or HR alier administration of MIVACRON doses up to and inctuding 
0.20 mg/kg dver 5 to 15 seconds, but higher doses (20.25 mg/kg) may be associated with transient decreases 
in MAP (Table 2). 
Following a does of 0.15 mg‘kg NIVACRON administered over 60 seconds, adult patients with significant 
cardiovascular disease undergoing coronary artery bypese grafting or valve replacement procedures showed 
no cfinically important changes in MAP or HA. Transient decreases in MAP were observed in some patients 
attor doses of 0.20 to 0.25 mgfkg MIVACRON administered over 60 seconds. The number of patients in whom 
these decreases in MAP required treatment was small. 
Pharmacokinetics: Table 3 describes the results from a study of 9 ASA Physical Status HI adult patents (31 
to 48 years) receiving an infusion of MIVACRON at 5 .9/ko/min for 60 minutes followed by 10 p.g/kg/min for 
60 minutes. MIVACRON is a mbdure of isomers which do not Inferconvert in vivo. The mivacutium pharmacokinetic 
parameters preeented in Table 3 were determined uelng a stereospecific assay. The two more potent 
borrers, cle-trans (36% of the mixture) and trane-irans (57% of the mixture), have very high clearances that 
exceed cardiac output reflecting the extensive metabolism by plasma chofinesteraee. The volume of 
distribution ie relatively small, reflecting limited tissue diatribution secondary to the polartty and largo 
molecular weight of miyacurium. The combination of high metabolic clearance and low distribution volume resus 
in the short ediminetion halife of approxdmasely 2 minutes for the two active isomers. The short eliminafion half- 
lives and high metabolic clearances of the active Isomers are conslstent with the short duration of action of 
MIVACRON. The steady-state concentrations of the cis-frans and trans-irans isomers doubled after the 
infusion rate was increased from 5 to 10 pg'kg'min, indicating that their pharmacokinetics are dose- 
proportional. 


Table 3 
Stereotsomer Pharmacokinetic Parameters' of MIVACRON in ASA Physical Status Hi 


Aduh Patiente’ [n—9] During Oplokd/Nitrous Oxids/Oxygen Anestheeta 





1Values shown are mean (range). 
2Ages 31 to 48 years. 
The cis-cis isomer (8% of the mbdure) has approximately one-tenth the neuromuscular blocking potency of the 


fens-trane end cle-trane jeomers in cats. In the nine patients shown in Table 3, the voknne of distribution of 
the cis-cis isomer averaged 0.31 Læg (range: 0.18-0.48), the clearance averaged 4.2 mining (range: 2.4- 
5.4), and the halle averaged 55 minutes (ranga: 32-102). The neuromuscular blocking potency of the cis- 
cis komer in humane has not been established: however, modeling of clinical 

data suggests that the cis-cis isomer produces minimal (5%) meuromuscutar block during a two-hour 
infusion. in studies in which infusions of up to 2.5 hours were administered to ASA Physical Status HI 
patients, the 25%-75% recovery times were Independent of the duration of infusion, suggesting that the cis- 
cis bomer does not cornibus significant neuromuscular block during use for up to 2.5 hours. Limited data are 
avaliable from infusions of longer duration or from patients wilh compromised elimination capacities (hepatic 
or renal faBure). 

Metebollem and Excretion: Eizymaiic hydrolysis by pisema cholinesiacase is the primary mechanism for Inaciivalion 
of mivacunium and yieids a quaismary alcohol end & quaismary monoesier metabolite. Renal and biliary excrefion 
of unchanged mivacurtum are minor elimination pathways; urine and bile are important elimination palivesys 
for the two metabolites. Tests in which thasa two metabciies were administered to cats and dogs suggest that 


prodiminary 
that reduced clearance of ane or more isomers bs responsible for the longer duraiion of acon of MIVACRON 
soen in patients with end-stage kidney or Inver disease. The deta did not provide a phannecoline™ic explanation 
for the 15-20% longer duration of block seen in the aiderty. Tables 4 and 5 summarize the pharmacodynamic 
reeutts in thosa special populations as compared with young adults (ages 18 to 49 years). No date are 
avediable from patients with kidney or liver disease not requiring traneptantation. 


Table 4 
Pharmacodynamic Parameters o! MIVACRON In ASA Pirpsical Status HI 
Young Adult Patients and Elderty Pattents During leoflurane/Nitrous Oxide/Oxygen Anestheela 





Values shown are mean (range). 
2Time from Injection to 25% recovery of the control twiich height 


Renal: The clinically effective duraiion of action of 0.16 mg/kg MIVACRON was about 1.6 fimes longer in patents 
with end-stage kidney disease than in healthy patients, presumably dus to reduced clearance of one or more 
komers. 

Hepatic: The clinically effective duration of action of 0.15 mg'kg MIVACRON was three times longer in 
patients with end-stage [ver disease than in healthy patients and is kely related to the markedly decreased 
plasma chofinesterase activity (30% of healfhy patient values) which could decrease the clearance of one or 
more lsomers (see Reduced Pieema Cholinesterase Activity subsection of PRECAUTIONS). 


Table § 
Pharmacodynamic Parameters' of MIVACRON In ASA Physical Status H1 Patients and In Patients 


Undergoing Kidney or Liver Transptantation During leoflarane/Mitroos Oxide/Oxygen Anesthesia 


Parameter Young Adut 
om | Estes 
0.15 mg/kg 
[n=8] 


EE 
Duration of Block? (min) (12-90) (19-58) (29-80) 


TValuee shown are mean (range). 
2Time from infection to 25% recovery of the control twiich height. 
3Liver transplant patients recetved Isoflurane without nitrous oxide. 


Individuatization of Dosages: DOSES OF MIVACHON SHOULD BE INDIVIDUALIZED AND A PERIPHERAL 
NERVE STIMULATOR SHOULD BE USED TO MEASURE NEUROMUSCULAR FUNCTION DURING 
MIVACRON ADMINISTRATION IN ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOA 
ADDITIONAL DOSES, AND CONFIRM RECOVERY FROM NEUROMUSCULAR BLOCK. 


Based on the known actions of MIVACRON (a mixture of three stereosomers) and other neuromuscular blocking 
agents, the following factors should be considered when administering MIVACRON: 

Renai or Hepedic impeirmant A doso of 0.15 moky MIVACRON is recommended for faciiiation of tracheal Intubation 
In patents with renal or hepatic impairment. However, the clinically effective duration of block produced by this 
dose is about 1.5 times longer In patients with end-stage kidney disease and about 3 timas longer In patients 
with end-stage Iver disease than in patients with normal rena! and hepatic function. infusion rates should be 
decreased by as much as 50% in these pafiants depending on the degree of renal cr hepatic Impalrment (see 
Renal and Hepatic Disease subsection of PRECAUTIONS). 

Reduced Plasma Cholinesterase Activity. The posalblity of prolonged neuromuscular block following 
administration of MIVACRON must be considered In patients with reduced plasma cholinesterase 
(pesudocholinesterase) activity. MIVACHON ehouid be used with great caution, If at all, in patients known or 
suspected of baing homozygous for the atypical plasma cholinesterasa gene (see WARNINGS). Doses of 0.03 
mafkg produced complete neuromuscular block for 28 to 128 minutes in three such patients; thus initial doses 
greater than 0.03 mg/kg are not recommended in homozygous patients. Infusions of MIVACRON are not 
recommended In homozygous patients. 

MIVACRON hes been used safely in patients heterozygous for the atypical plasma cholinesterase gene and 
in genotypically normal patients with reduced plasma cholinesterass activity. After recommended Intubating 
doses of MIVACRON, fhe clinically effective duration of block in heterozygous patients may be approximatety 





10 minutes longer than in patients vith normal genotype and normai plasma chofmestorase activity. Lower 
MIVACHON Infusion rates are recommended in these patients (soe Reduced Plesma Cholinesterase 
Activity subsection of PRECAUTIONS). i 

Drugs or Condiions Causing Potantecion of or Aeeielance io Neuromuscular Block: As with other neuromasculer 
blocking agents, MIVACRON may have profound neuromuscular blocking effects in cachecfic or debHtaled pallens, 
palients with neuromuscular disoases, and paflents wiih carcinomatosis. In these or other patients in whom 
potentiation of neuronmscular block or difficulty with reversal may be anticipaind, the recommended initial dose 
should be decreased. A test dase of not more fan 0.015-0.020 mmf}, which represents fhe lower end of the 
dose-response curve for MIVACRON, [s recommended in such patients (see General eubsectton of 


The neurorouscuter blocking acfion of the stereoisomers in MIVACRON is poleniiated by isoflurane or 
endlureme anesthesia. The recommended iniiai MIVACRON dose of 0.15 mgg may be used for intubalion prior 
to the adminisiziion of these agants. Í MIVACAON is fire! acininisipred aller establishment of stabie-sieis lscfiurane 
or erdiorane anestheeta (administered with nious oxddefoxygen to achieve 1.25 MAC), tha iiel MIVACRON 
dose should be reduced by as much a3 26%, and the Indusion rate reduced by es much as 35% to 40%. A greater 
potentiation of the neuromuscular btocking action of fhe sterecisomerns in MIVACRON may be expectsd with 
higher concentraiions of enflurane or jsoflurane. The use of halothane requires no adjusinent of the iniia! dose 
of MIVACRON, but may prolong the duration of action and decrease the average infusion rate by as much as 
20% (see Drug iteracttone cubseciicn of PRECAUTIONS). 

When MIVACRON Is acminisiered tp patients receiving cectrin antibiotics, magnesium salts, Mhin, ioca anesthetics, 
procainamide and quinidine, longer durations of neuromuscutar block mey be expected and infusion 
requirements may be lower (see Drug interactions subsection of PRECAUTIONS). 

When MIVACRON is administered to 3eflents chronically receiving phenytoin or carbamazepina, siighily shorter 
durations of neuromuscular block may be anticipated and Infusion rate requirements may be higher (see Drag 
Interactions subsection af PRECAUTIONS). 

Severe acid-base andfor electrolyte abnormalities may potentiate or canse resistance to the neurcmuecular 
blocking action of the stersolsomers In MIVACRON. No data are avakable in such patients and no dosing 
recommendations can be made (see General subsection of PRECAUTIONS). 

Burne: Whale patients with bums are known to develop resistance to nondepolartzing neuromuscular blocking 
agents, thay may also have reduced plasma chofinestersee activity. Consequently, in these patients, a tee! dose 
of nat more than 0.015-0.020 mg/kg MIVACRON ie recommended, followed by additiona! appropriates dosing 
guided by the use of a neuromuscular block moniior (206 General subsection of PRECAUTIONS). 
Cardiovascular Disease: In patients with clinically significant cardiovascular disease, fhe initia! dose of 
MIVACAON should be 0.15 mg/kg or lees, administered over 60 seconds (see Hemodynamics subsection of 
CLINICAL PHARMACOLOGY and General subseciion of PRECAUTIONS). 


Obesity: Obese patients (patients weighing 230% more than their ideal body waight) dosed on the basis of aciual 


body weight, thereby receiving a larger tose than if dosed on the basis of ideal body weight, had a greater probabilty 
of experiencing a decrease of 230% h MAP (see Hemodynamics subsection of CLINICAL PHARMACOLOGY 


and General subsection of PRECAUTIONS). Therafore, in obase patients, the initial dese should be 
determined using the patient's ideal body weight (IBW), according to the following formulas: 

Men: IBW in kg = [106 + (B x Inches in height above 5 feet)/2.2 

Women: IBW in kg = [100 + (5 x Inches in height above 5 feet)}/2.2 
Allergy and Seneitivity: In patients with any history euggestive of a greater sensitivily to the release of 
histamine or related mediators (e.g. ashma), the iniiai dose of MIVACAON showd be 0.15 mgrkg or less, 
administered over 60 seconds (see General subsection of PRECAUTIONS). 


INDICATIONS AND USAGE: MIVACRON is a short-acting neuromuscular blocking agent indicated for 


Inpatients and outpatients, as an edjunct to generel anesthesia, to faciitate tracheal intubation and to 
provide skeletal musclo releccaiion during surgery or mechanical ventilation. 


CONTRAINDICATIONS: MIVACHROH is contraindicated In patients known to have an allergic hyporsensilivity 
to mivecurlum chioride or other benzysecquhnolintum agents, as manifested by reactions such as uriicaria or 
severe respiratory distross or hypciension. Use of MIVACRON from muiti-dose viais is contraindicated in patents 
with a known allergy to benzyl afcchoL 


WARNINGS: MIVACRON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG'S ACTIONS 
AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS PERSONNEL AND FACILITIES FOR RESUSCITATION AND LIFE SUPPORT (TRACHEAL 
INTUBATION, ARTIAICLAL VENTILATION, OXYGEN THERAPY), AND AN ANTAGONIST OF MIVACRON ARE 
IMMEDIATELY AVAILABLE. IT IS RECOMMENDED THAT A PERIPHERAL NERVE STIMULATOR BE 
USED TO MEASURE NEUROMUSCULAR FUNCTION DURING THE ADMINISTRATION OF MIVACRON IN 
ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR ADDITIONAL DRUG, AND CONARM 
RECOVERY FROM NEUROMUSCULAR BLOCK 

MIVACRON HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD, OR CERESRATION. TO 
AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK SHOULD NOT BE INDUCED BEFORE 
UNCONSCIOUSNESS. 

MIVACRON IS METABOLIZED BY PLASMA CHOLINESTERASE AND SHOULD BE USED WITH GREAT 
CAUTION, IF AT ALL, IN PATIENTS KNOWN TO BE OR SUSPECTED OF BEING HOMOZYGOUS FOR THE 
ATYPICAL PLASMA CHOLINESTERASE GENE. 

MIVACRON Injection and MIVACRON Prembesd Infusion are acidic (pH 3.5 to 5.0) and may not be compatible 
with alkaline solutions having a pH creater then 6.5 (e.g., barbiturate solutions). 


PRECAUTIONS: 

Generat Although MIVACRON (a mbdure of three sterecisamers) le not a potant histamine releaser, the posalbiity 
of substantial histamine release must be considered. Retaase of histamine is related to fhe dose and speed 
of injection. 

Caution should be exercised in administering MIVACHON to patients with clinically significant cardiovascular 
disease and patients with any history scpgesiing a grater sensitivity to the release of histamine or retaked mediators 
(eg, ashma). in such patients, the rial doss of MIVACAON should ba 0.15 mg/kg or fees, adiministered over 
60 seconde; assurance of adequate hydration and caretul montioring of hemodynamic status are important (see 
Hemodynamtce and indhvidualizafion of Dosages subsections of CLINICAL PHARMACOLOGY). 

Obese patients may be more likely to experience clinically siqnificant transient decreases in MAP than non- 
obese patients when the dose af MIVACRON Is based on actual rather than ideal body weight. Therefore, in 
obeso pafients, the initial dose should be determined using the patient's ideal body waight (soe Hemodynamics 
and Incivideralization of Dosages subsections of CLINICAL PHARMACOLOGY). 

Recommended doses of MIVACRON have no clinically signdicant affects an heart rate; therefore, MIVACRON 
will not counteract the bradycardia produced by many anesthetic agents or by vagal stimulation. 
Neuromuscular blocking agents may hes a profound eect in pallenis wiih neuromuscular dissasas (e.g, myaaihenia 
gravis and the myasthenic syndrome). In thosa and other conditions in which protonged neuromuscular 
block le a possibility (e.g, carcinomatosis), the use of a peripheral nerve stimulator and a doss of not more than 
0.015-0.020 mgfkg MIVACRON is recommended to assess tha level of nouromuscular block and to monitor 
dosage requrements (see individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 
MIVACRON has not been studied in patients with bums. Resistance to nondepolerizing neuromuscular 
blocking agents may develop in patients with bums, depending upon the time elapsed since the injury and the 
size of the bum. Patients with bums may have reduced plasma cholinesterase activity which may offset this 
resistance (seo Indtyidualization o: Dosages subsection of CLINICAL PHARMACOLOGY). 

Acid-bese and/or serum electrolyte abnormalilies may potentiate or antagonize the action of neuromuscular 
biocking agents. The action of necromuscutar blocking agents may ba enhanced by magnesium salts 
administered for fhe management of toxemia of pregnancy (see Indhidualtzatton of Dosages subsection of 
CLINICAL PHARMACOLOGY}. 
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No data aro avaliable to support the use of MIVACRON by intramuscutar infection. 


Renal and Hepatic Diresse: Tha possibilty of poiongad neuromuscufer block must be considered when MIVACRON 
is used in patents with ronal or hoped disease (aoa Pharmacokinetics subsection of CLINICAL PHARMACOLOGY). 
_ Most patients wih chronko hepatic disogso such as hepatitis, Iver abecess, and cirrhosis of the liver exhibit a 
marked reduction in pesma chotinasteree activity. Padiets wilh aculo or chronic ronal disaase may also ehow 
a reduction in plasma cholinesterase activity (sao indhvidualization of Dosages subsection of CLINICAL 
PHARMACOLOGY}. 


Reduced Piasma Cholinesterase Activity: The posabbility of prolonged neuromuscular block following 
administration of MIVACRON must be consklered in patients with reduced plasma cholinasterses 
{pseudocholinesiorzse) activity. 

Plasma cholinesterase activity may be diminished in the presence of genetic abnormmatiles of plasma 
cholinesterase (ag. patents heterozygous or homozygous for the alypical plasma cholinesterase gene}, pregnancy, 
ivar of kiney disease, malignant tumors, infections, burma, anomia, decomponsaied hoart dissesa, panic uicer, 
or myxedema. Plasma cholinesterase activity may also be diminished by chronic administration of oral 
contraceptives, glucocorticoids, or cerfain monoantine coddese ihibdiors and by Imevorsible Inhibliors of plasma 
cholinesterase (e.g. organophosphate insecfickies, echothlophaie, and certain antineoplastic drugs). 
MIVACRON hes been used sadely in pebents heterozygous for the aiypice! plasma cholinesterase gene. At doses 
of 0.10 to 0.20 mg/kg MIVACAON, the clinically effecirve dumation of action wes 8 io 11 minutas longer in pailerts 
heterozygous for the atypical gane than in genotypically nonzal patients. 

As wih succinyichodne, patients homozygous for the atypical plasma cholinesterase gene {1 in 2500 patients} 
are extremely sensiive tp the neuromusculsy blocking effect af MIVACRON. in three such adut patients, a smal 
dose of 0.03 mg/kg (approximately the EDs in genotypically normal patients) produced complete 
neuromuscular block for 26 to 128 minutes. Once spontansous recovery had begun, neuromuscular block in 
these patients was antagonized with conventional doses of neostigmine. One adult patient, who was 
homazygous for the atypical plasma cholineateraes gone, received a dose of 0.18 mgikg MIVACHON and exhibied 
complete neuromuscular block for about 4 hows, Ragpones to post-tetanic sfimutation wes preeant alter 4 hours, 
all four responses to train-of-four stimulation were present after 6 hours, and the patient wes extubated after 
8 hours. Reversal wes not attempted in the patient. 

Maigosct Hyperthermia (MH) In a study of MH-eusceniible pigs, MIVACRON did not trigger MH. MIVACRON 
hes not been stucfed fn Mi1-soscapkble patients. Because MH can develop in the absence of established triggering 
agents, the clinician should be prepared to recognize and treat MH in any patient undergoing general 
anesthosia. 

Long-Term les in tha intensive Cane Ueit (ICU): No data are avellable an the long-term use of MIVACRON 
in petenis undergoing mechanica) ventilation in the ICU, 

Drug interactions: Although MIVACHION (a mitura of three siersolsomers) has been administered salely follmang 
succinyicholine-faciiteted tracheal Intubatien, the interaction between the starecisomers in MIVACRON 
and succinyicholine hes not been systemelically studied. Prior adminisiration of succinyichotine can potenitaks 
the neuromuscular blocking effects of nondepolarizing agents. Evidence of spontansous recovery from 
succinyichaline shouid be abserved betore the administration of MIVACRON. 

The use of MIVACHON before succinyicholine to attenunte some of the side offects of succinyicholine hes not 
been studied. 

Thare are no clinica! data on the use of MIVACAON with othar nondepolarizing neuromuscular blocking agants. 
leofirane and enfiurane (adminésterad wilh nitrous oxidefoxygen to achieve 1.25 MAC} decreass the EDs: of 
MIVACRON by as much as 25% (see Pharmacodynamics and individualization of Dosegse subsections 
of CLINICAL PHARMACOLOGY). Those agente may aiso prolong the clinically etiective durafion of action and 
decrease the average Infusion requirement of MIVACRON by as much as 35% to 40%. A greater potentiation 
of the newortuncular blocking ellects of the stersolsomers in NIVACAON mey be expected wih highar concanirafions 
of eniiurane of Isoflurane. Halothane hes Mile or no effect on the ED, but may prolong the duration of action 
and decrease the average infusion requirement by as much as 20%. 
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cholinesterase acthity include. chronic administration of oral contraceptives, giucocorticokis, or certain 

monoamine oxidase inhibitors and by irreversible inhibfors of plasma cholinesterase (see Reduced Piasma 

Cholinesterase Activity subsection of PRECAUTIONS). 

Resistance to the neuromuscular blocking action of nondepolerizing neuromuscular blocking agents has been 

demonstrated in patients chronically administered phenytoin or carbamazepine. While the effects of chronic 
or carbamazepine therapy on the action of the stsreotsomers in MIVACHON are unknown, stighily 

shorter durations of neuromuscular block may be anticipated and infusion rate requirememts may be higher. 


Carcinogensela, Mutagenesis, bepalrnect of Fertitty: Carcinogenesis and fortliity studies have not been 
perfomnad. MIVACRON wes evelueted in a batery of four short-term mutagenicity tests. It was non-mutagenic 
in the Amos Salmonella aseay, the mouse lymphoma assay, fhe human lymphocyte assay, and the in wyo rat 
bone marrow cylogenciic assay. 

Pregnancy: Tersiogenic ERocte: Pregnancy Category C. Teratology testing in norventilated pregnant rats and 
mice treated subcutansously with maxknum subparelyzing doses of MIVACRON revealed no malommal or fetal 
toxicity cr teratogenic effects. There are no adequate and well-cominolied studies of MIVACRON in pregnent 
women Because anime studies are not aways predictive of human reeponse, and the doses used wore 
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risk to the fatus. . 

Labor and Delivery: The use of MIVACHON during labor, vaginal deltvery, or cesarean section has not been 
studied in hunane and it is not known whether MIVACHON administered to fha mother hes effects on the fetus. 
Doses of 0.08 and 0.20 mg/kg MIVACRON given to female beagles undergoing cosareen section resulted in 
negligible levels of the staracisorners in MIVAGRON in untbliical veseel blood of necnates and no deleterious 
effects on the puppies. 


Nursiog Mothers: È is not known whether ary of the stareclsomers of mivacurium are excreted in human miik 
Boceuss marny drugs ae ewei in humen mik, caution should bo exorcised following adeinsiraiion of MIVACHON 
to a nursing woman. 

Pediatric Ues: MIVACHON hes not boon studied in children below the age of 2 years (see CLINICAL 
PHARMACOLOGY and DOSAGE AND ADMINISTRATION for clinical experisnce and recommendations 
jor use in chidren 2 to 12 years of age). 


Geriatric Use: MIVACRON wes anioly ackrinistered during clinical tials to 64 eidedy (255 yours} pafferts, Inducing 
31 patients wih signlicant cardiovmecular dlsoase (300 General subsection of PRECAUTIONS}. The durafion 
of neuromuscular block may be alighly longer in akjerly patients fhean in young sdu patients (see CLINICAL 
PHARMACOLOGY). 

ADVERSE REACTIONS: 

Observed in Clinical Trials: MIVACRON (a mbcure of three stereoisomers) was wel tolerated during 
extenaive clinical trials in inpaiiants and outpafissie. Prolonged neuromuscular block, which is an important 
adverse experience associated with neuromuscular blocking agents as a class, wes reported as an adverse 
experiance in 3 of 2074 palenta administered MIVACRON. Ths most commonly reported adverse experience 
foltowing the administration of MIVACHON was transient, dose-dependent cutaneous Bushing about the face, 
neck, andfor ches. Flushing was mosi frequenity noted after the infial dose of MIVACRON and was reported 
in about 20% of adult patients who recetved the mcommended dose of 0.15 mg'kg MIVACRON over 5 to 15 
seconds. When prosent, flushing typically began within 1 to 2 minutes after the dose af MIVACRON and lasted 
for 3 io 5 minutes. Of 60 patients who experienced flushing after 0.15 mg/kg MIVACRON, one patient also 
experienced miid hypotension thet wes not treated, and one paliant expenenced moderate wheezing thet wes 
succosefully treated. 


Overall, ion vers infrequently reported as an adverse experience in the clinical trials of MIVACRON. 
None of the 397 adutts or 63 children who recetved recommended doses wes treated for a decrease In blood 
pressure associated with the admintstration of MIVACHON. Above the recommended dosage range, 1% to 2% 
of healthy adults given 20.20 mgtkg over 6 to 15 seconds and 2% to 4% of cardiac surgery pailants given 20.20 mgg 
over 60 seconds were treated for decreases In blood pressure associated with the administration of 
MIVACHON. : 
The followirig adverse expartences were reported in patients administered MIVACRON (all events judged by 

Investigators during the cimical tists to have a possible causal relationship): ; 
incidence Greater Than 1% - 


Cardiovascular: Fishing (15%) 

incidence Leas Than 1% - 

Cardiovascular: Hypotension, Tachycardia, Bradycarda, Cadec Antiytimia, Pais 
Respirslory: Bronchospasm, Wheezing, Hypoxemia 

Dermatological: Rash, Urticaria, Erythema, injection Site Reaction 

Nonspecific: Projenged Drug Effect 

Neurologic: f Dizziness 

Musculosxsietal: Muscle Spasms 


OVERDOSAGE: Overdosage with neuromuscular blocking agents may result in neuromuscular block beyond 
the timo needed for surgery and anesthesia. The primary ireaiment is malndenance of a patent siway and controled 
ventilation until recovery of normal neuromuscular function ie assured, Once evidence of recovery from 
neurocuscuter block is obeerved, further recovery may be factitated by administration of an anticholinssterase 
agent (e.g, neostigmine, edrophonium) in conjunction with an appropriate anticholinergic agent. {s26 
Antagoniem of Nearonnectiar Block). Overdosage may increase the risk of hemodynamic side effects, especially 
dacraases in blood preesurs. If needed, cardiovascular support may be provided by proper positioning of the 
patient, fluid adminestration, andor vasopressor agent administration. 
Antagonism of Keuromuscula Block: 

ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT BE ADMINISTERED WHEN COMPLETE 
NEUROMUSCULAR BLOCK IS EVIDENT OR SUSPECTED, THE USE OF A PERIPHERAL NERVE STIMULATOR 
TO EVALUATE RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. 
Administration of 0.030 to 0.084 mg/kg neostigmine or 0.5 mg/kg edrophoninm at approximately 10% 
recovery from neuromuscuiar block (range: 1 to 15) produced 85% recovery of the muscle hitch reeponse and 
a TTi ralo 275% in about 10 mindes. The timas from 25% recovery of the muscle twiich reaponse to TaT: 
ratio 275% folowing these doses of antagonista averaged about 7 to 9 minutes. In comparison, average fimes 
for spontaneous recovery from 25% to Ta T1 275% ware 12 to 13 minutes. 

Patients adminkstered ahoukd be eveliated for adequate clinical evidence of antagonism, @.¢., 5- 
second heed Wt and grip strength, Ventilation must be supported unéll no longer required. 

Antagonism may be detayed in the presence of deb#ftalion, carcinomatosis, and the concomitant use of certain 
broad spectrum endiblotics, or anesthetic agents and other drugs which enhance neuromuscutar block or separatoly 


- causa respiratory depression (see Drug interactions subsection of PRECAUTIONS). Under such circumstances 


the management is the same as that of prolonged neuromuscutar block (see OVERDOSAGE). 
DOSAGE AND ADMINISTRATION: MIVACRON SHOULD ONLY BE ADMINISTERED INTRAVENOUSLY. 


The dosage information provided below is Intended aa a guide only. Doses of MIVACRON should be 
individualized (see Individisalization of Dosages subsection of CLINICAL PHARMACOLOGY). Factors 
that may warrant dosage adfustment include but may not be imited to: the presence of significant kidney, iver, 
or cardiovascular disease, obesity (patients weighing 230% mors than ideal body weight for height), asthma, 
reduction in plasmne cholmasterase activily, and the presence of intaishonal anesthotic agents. The use of a 
pertpharal nerve stimulator will permit the most advantageous use of MIVACRON, minimize the possibility of 
overdosage cr underdesage, and assist In the evaluation of racovery. 

Adults: 


A dose of 0.15 mgka MIVACHON administered over 5 fo 15 seconde is recommended for facilitation of kachoal 
intubation for moet patients. When administered as a component of a thiopantalfoptoid/nitrous oxdde/oxygen 
induction-intubation technique, 0.15 mg/kg (2 x EDes} MIVACRON produces generally good-to-excalient 
conditions for tracheal intubation in 2.5 minutes. Lower doses of MIVACRON may result in a longer time for 
development of intubation conditions. Acminisination of MIVACRON doses above tha recommended 


range (20.20 mok) Is aseociated with the development of transient decraasas in blood pressure in some patients 
(see CLINICAL PHARMACOLOGY and ADVERSE REACTIONS). 


In patients with cirticalty significart cardiowrscular disease and In patients with any history suggesiing a greater 
Secretary 1 Bie cbean Ol Lac O oher tn (9 ony), Mp dove ot MIVAC ESN houd De Ot mg 
or lees, administered over 60 seconds (see PRECAUTIONS). 

Clinically allective neuromuscular block mey be expected tp lest for 15 to 20 minutes (range: 9 to 38) and sponiarisous 
recovery may be eapectad to be 85% complete in 25 to 30 minuies (range: 16 to 41) following 0.15 mgkg MIVACRON 
administered to padients receiving opiokd/nitrous coddefaxygen anesthesia. Maintenance dosing is generally 
required approximately 15 minutes following an initia! dose of 0.15 mgrkg MIVACRON during cpiold/nitrous 
oxide/oxygen anesthesia. Maintenance doses of 0.10 mg/kg each provide approximately 15 minutes of 
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may be admintsteredt. 

Tha neuromuscular blocking action of MIVACRON Is potontiated by lsofiurane or enfturane anssthesia. The 
recommended Inti MIVACRON dosa of 0.15 mg/kg may be used to faciiitate tracheel intubation prior to the 
administration of these agents; however, If MIVACRON |s fret administered after establishment of stable-ctate 
Isoflurane ar enflurane anesthesia (administered with nitrous oxidafoxygen to achieve 1.25 MAC), the irittal 
MIVAGHON dose mey be rectuced by as much as 25%. Grecier raductions in the MIVACRON dose may be required 
with higher concentrations of enflurane or Iscflurane. With halothane, which has only a minimal potortiating 
effect on MIVACRON, a smaller dosage reduction may be considered. 
Continuoas Infisiore Coriteasse busier af MIVACRON may be wed io maintain nouromuscular block. Upon 
sarly evidence of spontaneous recovery from an india! dose, an iniiai infusion rate of 9 to 10 povkgimin is 
recommended. If continunus infusion bs Iniileted simuftansously with the administration of an initial does, a lower 
initia! infusion rate should be used (e.g. 4 porepimin). In etther caza, the intial Infusion rate shouid be 
adiusted according to the roaponee to peripheral nerve sfimutaiion and to cinicel criteria. On average, an infusion 
rate of 6 to 7 pglkg/in (range: 1 to 15} may be expected to maintain neuromuscular block within the range of 
88% to 96% for extanded periods in adults receiving opioki/nitrous osddayoxygen anesthesia. Reduction of the 
infusion rate by up to 95% to 40% shouid be considered when MIVACAON is administered during siable-state 
conditions of isoflunne or onfurane anesthesia {administered wih nitrous oxidefoxygen to achieve 1.25 MAC). 
Greater reductions in the MIVACAON infusion rate may be required with graater concentrations of enflurane 
or isoflurane. With halothane, smailer reductions in infusion rate may be required. 

initial Doses: Dosage requirements jor MIVAGRON on a mgrkg basis are higher in chidren than adults. Ones! 
and recovery of neuromuscular block occur mone rapidly in chidren than adults {seo CLINICAL ; 
The recommended dose of MIVACRION for faciitaling tracheal intubation in children 2 to 12 years of age is 0.20 mg’ 
acministared over 5 to 15 seconds. When administered during stable oploid/nitrous oxadefoxygen anesthesia, 
0.20 mg/kg of MIVACRON produces meodmum neuromuscular block in an average of 1.9 minutes (ranga: 1.3 
fo 3.3) and cfinically effective block for 10 minutes (range: 6 to 15). Maintenance doses are generally 
required more frequently in chidren than in adults. Admintsindion of MIVACRON doses above the recommended 
range (0.20 my) ic aesoclated with iranalant dacmeses In MAP In come chidren (see Hemodynamics subsection 
of CLINICAL PHARMACOLOGY). MIVACRON has not been studied. in chikiren below the age of 2 years. 


Continous ixfasion: Chidren require highar MIVACRON infusion raies than adults. During oploki/ndirous _ 
coddafoxygen eneethpeta the infusion rate required to maintain 88% to 99% neuromuscular block averages — 
H Legeginin (range: 5 to 31). The principles for infusion of MIVAGRON in aduis are aiso applicable to chidren 

(sop above). f 


infusion Rate Tables: 

For adults and children the amount of infusion solution required per hour depends upon the clinical 
‘requirements of the patient, the concentration of MIVACRON in the infusion solution, and the patient's 
weight. The contribution of the infusion solution to the fluid requirements of the patient must be considered. Tables 6 
-and 7 provide guidelines for delivery in mL/hr (equivalent to microdrops/min when 60 microdrops = 1 mL) of 
MIVACRON Premixed infusion (0.5 mg/mL} end of MIVACRON injection (2 ma/mL}. 


Table $ 
infusion Rates for Maintenance of Neuromuscular Block During 
Opioid/Nitrous Oxide/Oxygen Anesthasia Using MIVACRON Premixed Infusion (0.5 mg/mL) 


Drug Delivery Rate (ug/kg/min) 


Patient 
Weight 
(kg) 





Table 7 
infusion Rates for Maintenance of Neuromuscular Block During 
Opioid/Nitrous Oxide/Oxygen Anesthesia Using MIVACRON injection (2 mg/mL} 


Paton 
Patient Drug Delivery Rate {ug/kg/min} 


Waight 
(kg) 





MIVACRON Premixed infusion in Flexible Plastic Containers: 


The flexible plastic container is fabricated from a specially formulated, nonplasticized, thermoplastic co-polyester 
(CR3}. Water can permeate from inside the container into the overwrap but not in amounts sufficient to affect 
the solution significantly. Solutions inside the plastic container also can leach out certain of the chemical components 
in very small amounts before the expiration pericd is attained. However, the safety of the plastic has been confirmed 
by tests in animals according to USP biological standards for plastic containers. 


instructions for Use: 
1. Tear outer wrap at notch and remove solution container. Check for minute leaks by squeezing container firmly. 


TRACRIUM® INJECTION 


(atracurium besylate) 


Brief Summary 7 l 
This drug should be used only by adequately trained individuals familiar with its actions, characteristics, and 
hazards. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct to general anesthesia. to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE FOR 
ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION OF POS- 
ITIVE PRESSURE OXYGEN. ADEQUACY CF RESPIRATION MUST BE ASSURED THROUGH ASSISTED 
OR CONTROLLED VENTILATION, ANTICHOLINESTERASE REVERSAL AGENTS SHOULD BE IMMEDIATELY 
AVAILABLE. DO NOT GIVE TRACRIUM BY ‘NTRAMUSCULAR ADMINISTRATION. Tracrium has no known 
effect on consciousness, pain threshold, or cerebration. it should be used only with adequate anesthesia. Tracrium 
Injection, which has an acid pH, should not be mixed with alkaline solutions (e.g., barbiturate solutions) in the 
same syringe or administered simultaneously during intravenous infusion through the same needie. Depending 
on the resultant pH of such mixtures, Tracrium may be inactivated and a free acid may be precipitated. 
Tracrium injection 10 mL multiple dose vials contain benzy! alcohol. Benzyl alcoho! has been associated with 
an increased incidence of neurological and ofher complications in newborn infants which are sometimes fatal. 
_ Tracrium Injection 5 mL single use vials do not contain benzy! alcohol. 


PRECAUTIONS: General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or 
metocurine, the possibility of substantial histamine release in sensitive individuals must be considered. 
Special caution should be exercised in administering Tracrium to patients in whom substantial histamine release 
would be especially hazardous (@.g.. patients with clinically significant cardiovascular disease) and in patients 
with any history (@.9., severe anaphylactoid reactions or asthma} suggesting a greater risk of histamine 
release. In these patients, the recommended initial Tracrium dose is lower {0.3 to 0.4 mg/kg) than for other patients 
and should be administered slowly or in divided doses over one minute. Since Tracrium has no clinically sig- 
nificant effects on heart rate in the recommended dosage range, it will not counteract the bradycardia produced 
by many anesthetic agents or vagal stimulation. As a result, bradycardia during anesthesia may be more com- 
mon with Tracrium than with other muscle relaxants. Tracrium may have profound effects in patients with myas- 
thenia dele Eaton-Lambert syndrome, or other neuromuscular diseases in which potentiation of nondepolarizing 
agents has been noted. The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte disorders or 
carcinomatosis. Multiple factors in anesthesia oractice are suspected of triggering malignant hyperthermia (MH), 
a potenhally fatal hypermetabolic state of skeletal muscle. Halogenated anesthetic agents and succinyl- 
choline are recognized as the principal pharmacologic triggering agents in MH-susceptidie patients; however, 
since MH can develop in the absence of established triggering agents. the clinician should be prepared to rec- 
ognize and treat MH in any patient scheduled for be anesthesia, Reports of MH have been rare in 
cases in which Tracrium has been used. in studies of MH-susceptible animals (swine) and in a clinical study 
of MH-susceptibie patients, Tracrium did not trigger this syndrome. Resistance to nondepolarizing neuromuscular 
biocking agents may develop in burn patients. increased doses of nondepolarizing muscie relaxants may be 
required in burn patients and are dependent on the time elapsed since the burn injury and the size of the burn. 
The safety of Tracrium has not been established in patients with bronchial asthma. Long-Term Use in 
intensive Care Unit (ICU): Tracrium has been used to facilitate mechanical ventilation in ICU patients. 
When there is a need for long-term mechanical ventilation, the benefits to risk ratio of neuromuscular blockade 
must be considered. There is only iimited information on the efficacy and safety of Tracrium administered by 
long-term {days to weeks) intravenous infusion to facilitate mechanical ventilation in intensive care facilities. 
For Tracrium. as with other neuromuscular blocking agents used in intensive care facilities, available evidence 
suggests that there is wide interpatient variability in dosage requirements and that these requirements may change 
with time. Limited data suggest that Tracrium infusion requirements may increase with prolonged administration 


ii igaks are found, discard solution as sterility may be impaired. 

2. Close flow control clamp of administration set 

3. Remove cover from outlet pert at bottom of cantainer. 

4. Insert piercing pin of admiristration set into port with a twisting motion until the pin is firmly seated. 
NOTE: See full directions or administration set carton. 

5, Suspend container from hanger. 

6. Squeeze and release drip chamber to establish proper fluid level in chamber during infusion. 

7. Open flow control clamp to expel air from set. Close clamp. 

8. Attach set to intravenous tubing. 

9. Regulate rate of administration with flow control clamp. 


Caution: Additives should not be introduced into this solution. Do not administer unless solution is clear and 
container is undamaged, MIVACRON Premixed Infusion is intended for singie patient use only. The unused 
portion of the solution should be discarded. 


Warning: Do not use flexible piastic container in series connections. 


MIVACRON Injection Compatibility and Admixtures: 
Y-site Administration: MIVACRON Injection may not be compatible with alkaline solutions having a pH greater 
than 8.5 (e.g., barbiturate solutions}. 
Studies have shown that MIVACRON Injection is compatible with: 
* 5% Dextrose Injection USP 
* 0.9% Sodium Chioride Injection USP 
» 5% Dextrose and 0.9% Sodium Chloride injection USP 
e Lactated Ringer's injection USP 
* 5% Dextrose in Lactated Ringer's Injection 
* Sufenta® (sufentanil citrate} injection, diluted as directed 
* Alfenta” (alfentanil hydrochioride) Injection, diluted as directed 
e Sublimaze® (fentanyl citrate) injection, diluted as directed 
« Versed* (midazolam hydrochloride) Injection, diluted as directed 
* Inapsine® (droperidol) injection, diluted as directed 
Compatibility studies with other parenteral products have not been conducted. 


Dilution Stability: MIVACRON Injection diluted to 0.5 mg mivacurium per mL in 5% Dextrose Injection 
USP, 5% Dextrose and 0.9% Sodium Chioride Iniection USP, 0.2% Sodium Chioride injection USP, Lactated 
Ringer's Injection USP, or 5% Dextrose in Lactated Ringer's injection is physically and chemically stable when 
stored in PVC (polyviny! chloride} bags at 5°C to 25°C (41°F to 77°F) for up to 24 hours. Aseptic techniques 
should be used to prepare the diluted product. Admixtures of MIVACRON should be prepared for single patient 
use only and used within 24 hours of preparation. The unused portion of diluted MIVACRON should be 
discarded after each case. 


NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration whenever soluticn and container permit. Solutions which are not clear and colorless should not 
be used. 


HOW SUPPLIED: MIVACRON Injection, 2 mg mivacurium in each mL. 

5 mL Single Use Vials. Tray of 10 (NDC 0081-0705-44). 

10 mi Single Use Vials. Tray of 10 (NDC 0081-0705-95). 

MIVACRON Premixed Infusion in 5% Dextrose injection USP, 0.5 mg mivacurium in each mL. 
50 mL (ina 100 mL unit) Flexible Plastic Containers. (NDC 0081-0709-01). 


STORAGE: Store MIVACRON Injection at room temperature of 15° to 25°C (59° to 77°F). Avoid exposure to 
direct ultraviolet light. DO NOT FREEZE. 


Recommended storage for MIVACRON Premixed infusion is room temperature (15° to 25°C/59° to 77°F}. Avoid 
excessive heat. Avoid exposure to direct ultraviolet light, Protect from freezing. 


U.S. Patent No. 4761418 §54053 
MIVACRON Premixed Infusion Manufactured for BURROUGHS WELLCOME CO. by Abbott Laboratories 


inthe ICU. As with other neuromuscular blocking agents, little information is available on the plasma levels or 
clinical consequences of atracurium metabolites following long-term (days to weeks) infusion of Tracrium in the 
intensive care unit setting. One metabolite of atracurium, laudanosine, when administered alone to laborato- 
ry animals, has been associated with cerebral excitatory effects. Physiological effects of laudanosine in 
humans have not been demonsirated. The effects of hemodialysis, hemopertusion and hemofiltration on plas- 
ma levels of atracurium and its metabolites are unknown. Drug Interactions: Drugs which may enhance neu- 
romuscular blocking action of Tracrium include: enflurane; isoflurane; halothane; certain antibiotics, especially 
the aminoglycosides and polymyxins; lithium: magnesium salts; procainamide; and quinidine, If other musele 
relaxants are used during the same procedure, the possibility of a synergistic or antagonist effect should be con- 
sidered. The prior administration of succinyicholine does not enhance the duration, Dut quickens the onset and 
may increase the depth, of neuromuscular blockade induced by Tracrium. Tracrium shouid not be administered 
until a patient has recovered from succinyichaline-induced neuromuscular blockade. Carcinogenesis, 
Mutagenesis, impairment of Fertility: A positive response was observed in the mouse lymphoma assay under 
conditions which killed over 80% of the treated cells. A far weaker response was observed in the presence of 
metabolic activation at concentrations which also killed over 80% of the treated celis. Pregnancy: Teratogenic 
Effects: Pregnancy Category C. Tracrium has been shown to be potentially teratogenic in rabbits, when given 
in doses up to approximately one-half the humar dose. There are no adequate and well-controlled studies in 
pregnant women. Tracrium should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. Labor and Delivery: it is not known whether muscie relaxants administered during vaginal deliv- 
ery have immediate or delayed adverse effacts on the fetus or increase the likelihood that resuscitation of the 
newborn will be necessary. The possibility that forceps delivery will be necessary may increase. Tracrium (0.3 
mg/kg) has been administered to 26 pregnant wamen during delivery by cesarean section. No harmful effects 
were attributable to Tracrium in any of the newborn infants, although small amounts of Tracrium were shown 
to cross the placental barrier. The possibility of respiratory depression in the newborn infant should always be 
considered following cesarear section during which a neuromuscular biocking agent has been adminis- 
tered. in patients receiving magnesium sulfate, the reversal of neuromuscular blockade may be unsatisfactory 
and Tracrium dese should be lowered as indicated. Nursing Mothers: It is not known whether this drug is excret- 
ed in human milk. Caution should be exercised when Tracrium is administered to a nursing woman, Pediatric 
Use: Safety and effectiveness in children below the age of 1 month have not been established. 


ADVERSE REACTIONS: Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions 
during extensive clinical trials. Most were suggestive of histamine release (see Precautions Section). The over- 
ail incidence rate for clinically important adverse reactions was 7/875 or 0.8%. Most adverse reactions were of 
little clinical significance unless they were associated with significant hemodynamic changes. Substantial vita! 
sign changes greater than or equal to 30% observed in 530 patients, without cardiovascular disease, were as 
follows: in those patients given the recommended initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean 
arterial pressure increased in 2.8% and decreased in 2.1% of patients while the hear! rate increased in 
2.8% of these patients. At doses of 2 0.60 mg/kg. 14.3% of the studied patients had a decrease in mean arte- 
rial pressure while 4.8% had an increase in heart rate. At doses < 0.30 mg/kg, mean arterial pressure 
increased in 1.9% and decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% 
of these patients. Observed in Clinical Practice: Based on clinical exparience in the U.S. and the United Kingdom 
of approximately 3 million patients given Tracrium the following adverse reactions are among the most frequently 
reported: General: allergic reactions {anaphylactic or anaphylactoid) which, in rare instances, were severe (e.¢.. 
cardiac arrest}; Musculoskeletal: inadequate, proionged block; Cardiovascular: hypotension, vasodilatation (fush- 
ing), tachycardia, bradycardia; Respiratory: dyspnea, bronchospasm, laryngospasm; integumentary: rash, urticaria, 
injection site reaction. 


STORAGE: Tracrium Injection should be refrigerated at 2° to 8° C (36° to 46° F} to preserve potency. DO NOT 
FREEZE. Upon removal from refrigeration to room temperature storage conditions (25°C/77°F}, use Tracrium 
Injection within 14 days even if rerefrigerated. 


Burroughs Welicome Co. 
Sk Research Triangle Park, NC 27709 
Wellcome Copr. © 1992 Burroughs Wellcome Co. All rights reserved. MV-Y03552 
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A Guide for Authors 


Manuscripts should be sent to: 


King C. Kryger, PhD 
Managing Editor 
Anesthesia & Analgesia 
3497 Sacramento Street 
San Francisco, CA 94118 


Editorial Policies 


Anesthesia & Analgesia, the oldest publication for the specialty of anesthe- 
siology, is the official voice of the International Anesthesia Research 
Society. It publishes original articles, case reports, technical communica- 
tions, review articles, special articles, medical intelligence articles, edito- 
rials, book reviews, and letters to the editor. Original articles will, when 
possible, be assigned to one of the subspecialty sections (Ambulatory 
Anesthesia, Cardiovascular Anesthesia, Critical Care and Trauma, Neu- 
rosurgical Anesthesia, Obstetric Anesthesia, Pediatric Anesthesia, and 
Regional Anesthesia and Pain Management). All papers are reviewed by 
three or more referees. Acceptance is based on significance, originality, 
and validity of the material presented. Only one copy of an article not 
accepted for publication will be returned to the author. 

The submitted manuscript should be accompanied by a cover letter that 
includes a statement to the editor about all submissions and previous 
reports that might be regarded as prior or duplicate publication of the 
same, or very similar work. The title page and abstract of such material 
should be included with the submitted manuscript to help the editor 
decide how to deal with the matter. Manuscripts must be prepared and 
submitted in the manner described in “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals,” reprinted in The New England 
Journal of Medicine 1991;324:424-8. 

No manuscripts describing investigations carried out in humans will 
be accepted for publication unless the text states that the study was 
approved by the authors’ institutional human investigation committee 
and that written informed consent was obtained from all subjects or, in 
the case of minors, from parents. No manuscript describing investiga- 
tions in animals will be accepted for publication unless the text states 
that the study was approved by the authors’ institutional animal inves- 
tigation committee. Human subjects should not be identifiable. Do not 
use patients’ names, initials, or hospital numbers. 

Authors and their typists should use the checklist given below for 
preparation of manuscripts: 


General 


Ci Original articles, in 3000 words or less, describe clinical or laboratory 
investigations. 


(_] Case reports, in 1000 words or less, describe either new and instructive 
cases, anesthetic techniques and equipment of demonstrable original- 
ity, usefulness, and safety, or new information on diseases of impor- 
tance to anesthesia. 


— Technical communications, of 1500 to 2000 words, describe instrumen- 
tation and analytic techniques. 


L Review articles, of 2500 to 4000 words, collate, describe, and evaluate 
previously published material to aid in evaluating new concepts. 


C1 Medical intelligence articles, of 1500 to 4000 words, usually collate, 
describe, and evaluate previously published material to aid in evaluat- 
ing new concepts or updating old concepts or topics germane to 
anesthesiology. 

Ci Special articles, of 2500 to 4000 words, describe literature, education, 
societies, and other topical interests of a historical or current trend in 
anesthesiology, 

Q Editorials (solicited by the Editorial Board), in 2000 words or less, 
comment on articles published in the journal and/or express the general 
policies or opinions of the Editor-in-Chief. 

Cl] Book reviews, in 1000 words or less, report on current literature 
available in anesthesiology. 

C Letters to the editor, of 300 words or less, include brief constructive 
comments concerning previously published articles or brief notations of 
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general interest. The manuscripts must be double-spaced, and a title 
and three copies must be provided. 


C Type manuscripts on white bond paper, 216 by 279 mm (8% by 11 in.) 
or ISO A4 (212 by 297 mm) with margins of at least 25 mm (1 in.) using 
double- or triple-spacing (to allow room for editing) throughout, includ- 
ing references and table and figure legends. 


C] Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, should be on a separate 
page), and legends. Type only on one side of the paper and number 
pages consecutively, beginning with the title page. Type the page 
number in the upper right-hand corner of each page. 

C Submit one original plus three copies of the manuscript and four sets of 
figures in a heavy paper envelope. Submitted manuscripts should be 
accompanied by a cover letter and by letters granting permission to 
reproduce previously published materials or to use illustrations that 
may identify subjects. 

0 Authors should keep copies of everything submitted and all correspon- 
dence from the editorial office and its board members. 


Title Page 
C The title page should contain the title of the article, which should be 
concise but informative; 


© A short running head of no more than 40 characters (count letters and 
spaces) placed at the bottom of the title page and identified; 


Cl First name, middle initial, and last name of each author, with highest 
academic degree(s) including fellowship and board affiliations; each 
listed author must (a) have participated in the work to the extent that he 
or she could publicly defend its contents; (b) have read the manuscript 
before its submission for publication; and (c) be prepared to sign a 
statement to the effect that he or she has read the manuscript and 
agrees with its publication. Additional names of author(s) may not be 
appended after sending revised manuscript to the journal without 
written consent from the senior author and approval on a case-by-case 
basis from the Editor-in-Chief; 


C] Name of department(s) and institution(s) to which the work should be 
attributed; 


(J Disclaimers, if applicable; 


L] Name, address, telephone number, and FAX number of author respon- 
sible for correspondence about the manuscript; 


O Name and address of author to whom requests for reprints should be 
addressed, or a statement that reprints will not be available from the 
author; 


C The source(s) of support in the form of grants. 


Abstract and Key Words 


O The second page should carry an abstract of not more than 150 words. 
(Abstracts are needed only for original articles.) 


L] The abstract should state the purposes of the study or investigation, 
basic procedures (study subjects or experimental animals; observational 
and analytic methods), main findings (give specific data and their 
statistical significance, if possible), and the principal conclusions. Em- 
phasize new and important aspects of the study or observations. 


© Define all abbreviations except those approved by the International 
System of Units. 


(] Key (indexing) words. Below the abstract, provide (and identify as 
such) 3 to 10 key words or short phrases that will assist indexers in cross 
indexing the article. 

Text 


O The text of observational, experimental, and original articles is usual- 
ly—but not necessarily—divided into sections with the following head- 
ings: Introduction, Methods, Results, and Discussion. 


A47 


O Introduction: Clearly state the purpose of the article. Summarize the 
rationale for the study or observation. Give only strictly pertinent 
references and do not review the subject extensively. 


O Methods: Describe the selection of observational or experimental sub- 
jects (patients or experimental animals, including controls) clearly. 
Identify the methods, apparatus (manufacturer’s name and address in 
parentheses), and procedures in sufficient detail to allow other workers 
to reproduce the results. Give references to established methods, 
including statistical methods; provide references and brief descriptions 
for methods that have been published but are not well known; describe 
new or substantially modified methods, give reasons for using them, 
and evaluate their limitations. 

O Identify precisely all drugs and chemicals used, including generic 
name(s), dosage(s), and route(s) of administration, In the body of the 
text, cite the drug or chemical name followed by the generic name in 
parentheses and refer to the drug throughout the text by its generic 
name. 


O Results: Present the results in logical sequence in the text, tables, and 
illustrations. Do not repeat in the text all the data in the tables and/or 
illustrations; emphasize or summarize only important observations. 

O Discussion: Emphasize the new and important aspects of the study and 
conclusions that follow from them. Do not repeat in detail data given in 
the Results section. Include in the Discussion the implications of the 
findings and their limitations and relate the observations to other 
relevant studies. Link the conclusions with goals of the study but avoid 


unqualified statements and conclusions not completely supported by 
the data. 


O Units of measurement: Measurements of distance/length and weight must 
be expressed in metric units only. Clinical laboratory and hematologic 
data must be expressed in SI units with, if desired, present conven- 
tional metric units in parentheses. 


References 

All references must be available to all readers. Cite only references to 

books and articles or abstracts published in peer-reviewed Index 

Medicus journals. Abstracts appearing only in programs of meetings are 

not acceptable, nor are abstracts more than five years old. 

O Number references consecutively in the order in which they are first 
mentioned in the text. 


O Identify references in text, tables, and legends by arabic numerals (in 
parentheses, on line) 


O Use the style of the examples below, which are based on the format 
used by the US National Library of Medicine in Index Medicus. 


O The titles of journals must be abbreviated according to the style used in 
Index Medicus. 


CO References must be verified by the author(s) against the original 
documents, and the entire Hst must be checked for nonduplication. 


1. Standard journal articles (List all the authors when six or less; when 
seven or more, list only the first three and add et al.) 
Rigler ML, Drasner K, Krejcie TC, et al. Cauda 

2. Personal author(s) of books and monographs 
Eisen HN. Immunology: an introduction to molecular and cellular 
principles of the immune response. 5th ed. New York: Harper and 
Row, 1974. 

3. Chapter in a book 
Weinstein L, Swartz NM. Pathogenic properties of invading micro- 
organisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic 
physiology: mechanisms of disease. Philadelphia: WB Saunders, 
1974:457-72. 


Tables 


Li Type each table double-spaced on a separate sheet. Do not submit 
tables as photographs. 

. © Number tables consecutively and supply a brief title for each. Give each 

column a short or abbreviated heading. 


C] Place explanatory matter in footnotes, not in the heading. (In footnotes, 
define all abbreviations that are used in each table.) For footnotes, use 
lower-case italicized letters in alphabetical order. 

© Do not use internal horizontal or vertical rules. 

C Cite each table in the text in consecutive order. 

Œ If data are used from another published (or unpublished) source, 
submit written permission from both author and publisher and ac- 
knowledge fully. 


Ittustrations 


C Submit a complete set of figures with the original and each copy of the 
manuscript (4 sets total). Two sets must contain glossy illustrations, the 
other two sets may be high-quality photocopies. Figures must be in 
black and white and must be professionally drawn and photographed; 
freehand or typewritten lettering is unacceptable. Note: Art work of 
published articles will not be returned. 

C Send sharp, unmounted, glossy black-and-white photographic prints, 
usually 127 by 173 mm but no larger than 203 by 254 mm, instead of 
original drawings, roentgenograms, or other material. 

OG Many computer-generated figures are unsatisfactory for reproduction 
and should be professionally redrawn. Lettering should be of adequate 
size to retain clarity after reduction (final lettering size in print should be 
1.5 mm high). Symbols, cross-hatching, and stippling within a figure 
should be sharp and distinct enough to retain uniqueness after reduc- 
tion. 


(3 Each figure must have a label pasted on its back indicating the number 
of the figure, the names of the authors, and the top of the figure. Do not 
write on the back of the figures. Do not mount them on cardboard or 
scratch them by using paper clips. Do not bend figures. 

L Photomicrographs must have internal scale markers. Symbols, arrows, 
and letters used in the photomicrographs should contrast with the 
background. 

O Cite each figure in the text in consecutive order. If a figure has been 
published, a the original source and submit written permis- 
sion from both the author and the publisher to reproduce the material. 
Permission is required, regardless of authorship or publisher, except for 
documents in the public domain. 

C] If a human subject is identifiable in the illustration, written consent 
must be obtained from the patient or legal guardian. 

Le for [lustrations 

C] Type legends for illustrations double-spaced starting on a separate 
page, with arabic numerals corresponding to the illustrations. 

L When symbols, arrows, numbers, or letters are used to identify parts of 
the illustrations, identify and explain each one clearly in the legend. 

C Define all abbreviations used in each illustration. 


Abbreviations 


C At first mention of terminology in text, spell out in full and follow 


immediately with the abbreviation (enclosed within parentheses). 

C Do not synthesize new or unusual abbreviations. When many abbre- 
viations are used, include all in a box of definitions at the start of the 
article. 


C Consult the following sources for abbreviations: 

1. CBE Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the biolog- 
ical sciences. 5th ed. Bethesda, Maryland: Council of Biology 
Editors, 1983; 

2. American Medical Association. Manual of style. 8th ed. Baltimore, 
Maryland: Williams & Wilkins, 1989. 


Exclusive Publication Statement 


[J The principal author of all materials submitted for publication (except 
letters to the editor) must include in a cover letter a statement to the 
effect that none of the material in this manuscript has been published 
previously nor is any of this material currently under consideration for 
publication elsewhere. 

C Authors will be asked to transfer copyright of articles accepted for 
publication to the International Anesthesia Research Society. 


Classified Advertising 





OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal Op- 
portunity, Affirmative Action Employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

701E/L 


The Department of Anesthesiology at the 
University of Texas Medical School in 
Houston is recruiting faculty at assistant 
professor, associate professor, and profes- 
sor levels. Applicants must be board certi- 
fied or board eligible and able to obtain a 
Texas medical license. The faculty positions 
include responsibilities for teaching, super- 
vising and providing patient care, and par- 
ticipation in clinical or laboratory research 
and administrative functions of the depart- 
ment. The department has significant and 
expanding responsibilities in the areas of 
pain management, obstetrical anesthesia, 
neuroanesthesia, cardiac and vascular an- 
esthesia, and hyperbaric medicine. Inter- 
ested individuals should send a copy of 
curriculum vitae and names, addresses, 
phone numbers, and permission to contact 
three reference sources. Information 
should be sent to Jeffrey Katz, MD, Chair- 
man, Department of Anesthesiology, Uni- 
versity of Texas Medical School, 6431 Fan- 
nin, Houston, TX 77030. The University of 
Texas is an equal opportunity employer. 
Women and minorities are encouraged to 
apply. 

873C/H 


ILLINOIS: ANESTHESIOLOGIST 
To join congenial group of MDs/CRNAs 
expanding to provide anesthesia coverage 
for only hospital in city since recent 
merger. No open heart or neurosurgery. 
Environment conducive to family living, 
variety of schools, recreation. Good oppor- 
tunity with stable future. City located in 
east central Illinois with population of ap- 
proximately 40,000 (35-mile radius service 
area with 126,126 population). Within driv- 
ing distance of Chicago and Indianapolis. 
Please send CV to Box 887D/L. 

887D/L 


EASTERN PENNSYLVANIA 

Hospital needs two board-certified/board- 
eligible anesthesiologists to join a fee-for- 
service group in a 225-bed progressive hos- 


pital. Applicants must be a PGIV 

preferrably with pain management, resi- 

dency rotation. Reply to Box 888D/I. 
888D/1 


UPSTATE NEW YORK 
Hudson River Valley—Columbia~Greene 
Medical Center is recruiting four fee-for- 
service anesthesiologists including a chief. 
Financial guarantee. C-GMC is located 80 
miles north of NYC and 30 miles south of 
Albany. No neuro, open heart, or sick 
neonates. Staff and administration are sup- 
portive. Clear opportunity for growth. Of- 
fice support available. Send CV and date of 
availability to Susan Bane, MD, Medical 
Director, C-GMC, 71 Prospect Avenue, 
Hudson, NY 12534. 

893D/G 


TENNESSEE 
Expanding department requires additional 
anesthesiologists. Full-time positions avail- 
able at levels of instructor to associate pro- 
fessor with emphasis on teaching, patient 
care, and clinical research. Prerequisites: 
(1) meet Tennessee license requirements. 
(2) ABA diplomat or eligible for ABA exam- 
ination. All subspecialties needed. Excel- 
lent opportunity for anesthesiologists who 
want an ideal mix of private practice with 
teaching and clinical research. Send curric- 
ulum vitae, bibliography, and the names 
and addresses of three references to Roger 
S. Cicala, MD, Department of Anesthesiol- 
ogy, University of Tennessee, Memphis, 
800 Madison Avenue, Memphis, TN 38163. 
The University of Tennessee is an Equal 
Opportunity Employer/Affirmative Action 
Register/Title IX/Section 504 Employer. 
894E/G 


6 MONTHS PER YEAR 
Need well-trained anesthesiologist partner 
for flexible 6 months per year. Regional 
Medical Center. Interest and ability in 
basic pain management, ICU, OB, and OR 
anesthesia required. Financial package 
$100,000-$125,000. Michael Boyer, MD, 2 
Clark Bass Boulevard, Suite 104, McAl- 
ester, OK 74501, (918) 426-5516. 

895E/G 


FLORIDA 

BE/BC anesthesiologist needed to join busy 
group practice, serving a fast-growing 130- 
bed community hospital. Beautiful small 
Gulfcoast community, no neuro or OH. 





Send CV to Gulfcoast Anesthesia Special- 
ists, 6630 West Gulf to Lake Highway, 
Crystal River, FL 32629. 

904F/H 


THE UNIVERSITY OF CALIFORNIA DAVIS 
School of Medicine is recruiting for the 
position of Chair for the Department of 
Anesthesiology. The appointment will be 
made at the associate professor/professor 
level. Candidates must have an MD de- 
gree, be board certified in anesthesiology, 
eligible for licensure in California, and have 
a strong background in administration, 
teaching, and research. Please forward a 
curriculum vitae, a letter outlining back- 
ground and experience, and the names and 
addresses of five professional references to 
Herbert Berkoff, MD, Chairman, Anesthe- 
siology Chairmanship Search Committee, 
4301 X Street, Sacramento, CA 95817. This 
position will remain open until filled. How- 
ever, applications cannot be accepted after 
October 1, 1992. The University of Califor- 


CLASSIFIED ADS 


Anesthesia & Analgesia makes available classified 
advertising space for those interested in obtain- 
ing positions or wishing to announce meetings, 
postgraduate courses, or other pertinent events. 
We require that all advertisements be relevant to 
the practice of anesthesia and analgesia, and we 
reserve the right to refuse advertisements that 
are not relevant. 

Specifications. Ads should be typewritten on 
letterhead stationery; the text should be double- 
spaced, with the title or key phrase typed in 
capital letters. Enclose two photocopies with 
each ad. Display space (minimum 4 page) is 
available through Pharmaceutical Media, Inc., 
440 Park Avenue South, 14th floor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126. 

Rates. Ads cost $1.50 per word per insertion, 
with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $18.00 per insertion for box number ads.* 

Payment. Full payment or institutional pur- 
chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science Publishing Company, Inc.) 

Deadline. Copy must be received 7 weeks 
before publication date {i.e., by January 1 for the 
March issue); multiple-insertion ads are wel- 
come. Ads may run up to 6 months per pur- 
chase order/payment. Please specify in which 
issue(s) your advertisement is to appear. 

Send all ad copy, payments, and correspon- 
dence to: Anesthesia & Analgesia, Classified Ads, 
Desk Editorial, Elsevier Science Publishing Co., 
Inc., 655 Avenue of the Americas, New York, 
NY 10010. 

*When responding to a box number ad, in- 
clude the box number on all correspondence. 
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ne FELLOWSHIP 


= OPPORTUNITY ° 


The Department — of Anesthesiology and 
. . Critical Care Medicine at the University of 
` New. Mexico School of Medicine ‘has open- 
` ings at the CA-4 level for advanced training 
in cardiovascular anesthesiology. The fel- 
lowship is a 2-year comprehensive program 
designed to train the fellow for a career in 
cardiovascular anesthesiology. Research in 
cardiovascular physiology and anesthesia, 
provision of clinical care for complex adult 
and pediatric cases, participation in confer- 
ence, and teaching responsibilities are part 
of the fellowship experience. Interested in- 
dividuals should send CV or contact Jorge 
A. Estrin, MD, PhD, Professor and Chair- 
man, ent of Anesthesiology, Uni- 
versity of New Mexico School of Medicine, 
Albuquerque, NM 83131-5216, (505) 272- 
2610, FAX (505) 277-1300. The University of 
New Mexico is an Equal Opportunity/Affir- 
mative Action Employer. 
912F/L 


PEDIATRIC ANESTHESIOLOGIST 
BC/BE to join a private group in growing 
Pediatric Medical Center in Atlanta, Geor- 
gia. No open hearts or transplants. Send 
CV to Box 916F/H. 

916F/H 


PAIN FELLOWSHIP, DIVISION OF PAIN 
MANAGEMENT, DEPARTMENT OF 
ANESTHESIOLOGY, SUNY HEALTH 
SCIENCE CENTER AT SYRACUSE 
One or two competitive CA-4 positions 
available. Extensive clinical exposure to 
acute and chronic pain management, in- 
cluding cancer and pediatric patients. Op- 
portunity for clinical and laboratory re- 
search relative to pain management 
availabe. Please send curriculum vitae to 
P. Sebastian Thomas, MD, Director, Pain 
Treatment Service, SUNY Health Science 
Center, Syracuse, NY 13210. Equal Oppor- 
tunity Employer. 
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PEDIATRIC ANESTHESIOLOGIST 
The Section of Pediatric Anesthesiology at 
Arkansas Children’s Hospital is seeking an 
additional faculty member. Candidates 
should be BC/BE with an approved fellow- 
ship in pediatric anesthesiology. Arkansas 
dren’s Hospital is a state-of-the-art fa- 
cility providing tertiary and primary care to 
children in six surrounding states. More 
than 6000 surgical procedures are per- 
formed each year. All facets of care are 
provided including an active acute and 


chronic service. Interested candidates 
should a to Raeford E. Brown, Jr, MD, 
Chief, on of Pediatric Anesthesia, Ar- 


: 


kansas Children’s Hospital, 800 Marshall 


Street, Little Rock, AR 72202-3591. An 


Equal Opportunity Employer. 
919F/H 





ITY OF NEW MEXICO 
Department of Anesthesiology and Critical 
Care Medicine has immediate faculty posi- 
tions at the Instructor, Assistant Professor: 
Associate Professor, and Professor levels 
for candidates with ss ee in cardiac, 
obstetric, neurosurgical, and pediatric an- 
esthesia and iele care medicine. Respon- 
sibilities include the teaching of medical 
students and residents and the provision of 
clinical care in a busy tertiary referral cen- 
ter. Opportunities to pursue research inter- 
ests will be provided. It is expected that 
candidates who apply for CCM positions will 
have or be eligible for su jalty certifica- 
tion. Qualified candidates should send CV or 
contact Jorge A. Estrin, MD, PhD, Professor 
and Chairman, Department of Anesthesiol- 
ogy, University of New Mexico School of 
Medicine, Albuquerque, NM 87131-5216, 
(505) 272-2610, FAX (505) 277-1300, The Uni- 
versity of New Mexico is an Equal Opportu- 
nity/Affirmative Action Employer. 

913F/L 


OB Anesthesiologist sought for large uni- 
versity-affiliated hospital. Approximate 300 
deliveries a month with many high risk. 
In-house neonatologists. Reasonable call 
schedule with competitive compensation 
package and partnership after 1 year. Send 
or fax CV to Barney S. H. Feinstein, MD, 
Chairman, Department of Anesthesia, 
Washington Hospital Center, 110 Irving 
Street, NW, Washington, DC 20010; Fax 


number (202) 877-5564. 

872CEGIK 
ANESTHESIOLOGIST 
BC/BE. Openings to join group at 500-bed 


hospital plus busy outpatient center in Erie, 
Pa. All types of anesthesia including pain 
management. Beautiful area with year- 
round recreation. Competitive salary with 
opportunity for partnership. Send CV to 
Anesthesia Consultants of Erie, 225 West 
25 Street, Suite 408, Erie, PA 16502. 
922GH 


Immediate o for a BC/BE anes- 
thesiologist to join six MD anesthesiologists 
in a fee-for-service practice in a 350-bed 
hospital in a retirement community in Sun 
City, Arizona. No OB, open heart, trauma, 
or pediatrics. Send replies to Box 923GH. 
923GH 


Texas Tech University Health Sciences 
Center, Lubbock has faculty positions 
available for board certified/eligible anes- 
thesiologists with training/experience in 
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subspecialty activities (cardiac anesthesia, 
critical care, and obstetric). The Depart- 
ment has a tradition of strong support to 
research activities. Salary is competitive 
with good benefits. Lubbock is located in 
the sunbelt within driving distance of the 
mountains and skiing. It is the home of a 
major university offering an excellent life- 
style. Equal Opportunity Employer. Please 
address correspondence, with references 
and curriculum vitae, to Gabor B. Racz, 
MD, Chairman, Department of Anesthesi- 
ology, Texas Tech University Health Sci- 
ences Center, Lubbock, TX 79430. 

924GH 


ANESTHESIOLOGY RESEARCH 
FELLOWSHIPS 
The University of lowa Department of An- 
esthesia offers NIH-supported experiences 
(1-3 years in length) in both laboratory and 
clinical research for anesthesiologists. This 
program is designed to provide an impor- 
tant interval of minimal clinical responsibil- 
ity so as to allow preparation for a career in 
academic practice. Areas of research inter- 
est for which mentorship is offered include 
mechanisms of anesthesia and pain; cardio- 
vascular physiology and pharmacology; 
neurosciences in anesthesia; maternal/fetal 
physiology and pharmacology; pediatric 
anesthesiology; and cognitive psychophar- 
macology. In addition, multidisciplinary 
collaboration within the College of Medi- 
cine provides excellent opportunities for 
integration of methodologic and theoretical 
advances into this training experience. The 
University of lowa is an Equal Opportunity/ 
Affirmative Action Employer. Women and 
minorities are encouraged to apply. Please 
direct inquiries to John H. Tinker, MD, Pro- 
fessor and Head, Department of Anesthesia, 
University of lowa, Iowa City, IA 52242. 
925G 


NORTH EAST, INDIANA 
Group seeking BC/BE anesthesiologists to 
join large MD-only group. All types of 
anesthesia provided, including OH and 
OB. Immediate opening. Early partnership 
offered. Send CV to Box 926G/1. 

926G/I 


The Department of Anesthesiology at Duke 
University Medical Center invites qualified 
full-time faculty to apply for positions in 
the following categories: NEUROANES- 
THESIA—We are seeking an academic fac- 
ulty candidate trained in neurosurgical 
anesthesia to lead a developing neuroanes- 
thesia section as chief of the section. This 
opportunity requires a candidate with a 
primary interest in investigative research 
and teaching in addition to clinical exper- 
tise in all aspects of neuroanesthesiology 
including an interest in the development of 
a neurological intensive care unit. A new 
spacious neuroscience facility at Duke fos- 
ters interdisciplinary relationships with 
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neuropharmacology, neuroradiology, neu- 
robiology, and neurology. The neuro- 
science program at Duke University is one 
of the five developing centers of excellence 
at this nationally prominent university. 
CRITICAL CARE MEDICINE—We are 
seeking individuals who are ABA certified 
or board eligible in critical care medicine, 
for the position of Co-Director, SICU at 
the Durham VA Medical Center (where a 
new [CU tower is under construction) 
and/or as critical care faculty in the SICU at 
Duke University Medical Center. Faculty 
will play an essential role in the coordina- 
tion of care in a multidisciplinary consult- 
ing service and in the development of an 
interdisciplinary Critical Care Fellowship 
program. GENERAL INTERESTS AND 
CLINICAL PHARMACOLOGY—We have 
positions for starting academicians whose 
subspecialty interests are broad or unde- 
fined, but who desire to begin an academic 
career in a setting with an emphasis on 
clinical research in pharmacology and epi- 
demiology as it relates to the practice of 
anesthesiology. 

Academic titles and compensation for the 
above positions will be commensurate with 
experience and credentials in education, clin- 
ical service, and research. Candidates must 
be board certified or board eligible, and eligi- 
ble for an unrestricted North Carolina medi- 
cal license. Please send letter of application 
and curriculum vitae to J. G. Reves, MD, Box 
3094, Duke University Medical Center, 
Durham, NC 27710. Duke University is an 
Affirmative Action-Equal Opportunity Em- 


ployer. 
927G/I 


ANESTHESIOLOGIST 
Research Associate position available at 
1200-bed VA Medical Center for BC anesthe- 
siologist. Prior fellowship training in cardiac 
anesthesia required. Forward CV to Shukri 
F. Khuri, MD, Chief of Surgery, Brockton/ 
West Roxbury VA Medical Center, 1400 VFW 
Parkway, West Roxbury, MA 02132. An 
Equal Opportunity Employer. 

928G 


LAKE CHAMPLAIN-ADIRONDACK REGION 
NEW YORK 

Growing group seeks a BC/BE anesthe- 
siologist at 410-bed regional referral hospi- 
tal. Department consists of six anesthe- 
siologists and two CRNAs for 6000 cases/ 
year. No hearts or transplants. Mostly 
Narkomed 3 machines with H-P Merlin 
monitors. Plattsburgh is located at the 
foothills of the Adirondacks and on Lake 
Champlain, the sixth largest lake in the 
country. Montreal and Lake Placid region are 
within 1-hour drive. Excellent public and 
private schools, state university, affordable 
real estate, active arts council, and wide 
variety of recreational activities combine to 
offer an extraordinary family environment. 
For details or to view a video of the hospital 
and community, contact Hannah Hanford, 


Box 1656, Plattsburgh, NY 12901; (518) 
643-2998, 
929G/I 


CALIFORNIA 
University of California, Irvine: Openings 
for faculty positions in the Department of 
Anesthesiology. (1) Assistant or associate 
professor level in the in-residence series. 
Responsibilities include teaching and re- 
search. (2) Clinical instructor and assistant 
professor level in the clinical series. Re- 
sponsibilities include teaching and clinical 
service. Participation in research is highly 
desirable but not mandatory 

Rank and pay commensurate with skills 
and experience. Faculty will serve at both 
a tertiary-care university hospital and a 
VA Medical Center. Candidates must be 
ABA certified, or in the examination pro- 
cess, and be eligible for a California state 
license. An Affirmative Action, Equal Op- 
portunity Employer. Address correspon- 
dence with references and curriculum vitae 
to Steven J. Barker, PhD, MD, Chair, De- 
partment of Anesthesiology, University of 
California, Irvine Medical Center, 101 City 
Drive South, Route 81A, Orange, CA 
92668. 
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LOUSIANA STATE UNIVERSITY MEDICAL 
CENTER—SHREVEPORT 
Faculty positions available for board certi- 
fied/eligible anesthesiologists. Duties in- 
clude patient care, resident and student 
teaching, supervision of CRNAs, research, 
and administrative responsibilities. Faculty 
rank and salary commensurate with ex- 
perience. Please send curriculum vitae and 
names of three references to D. Richard 
Davis, Il, MD, Associate Professor and 
Chairman, Department of Anesthesiology, 
LSU Medical Center—Shreveport, 1501 
Kings Highway, Shreveport, LA 71130- 
3932. We are an Equal Opportunity/Affir- 
mative Action Employer. 
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CAN'T GET AWAY? PHONEPREP IS AS 
CONVENIENT AS YOUR TELEPHONE 
Take mock orals and learn oral test-taking 
techniques by PHONE — from the origina- 
tor of telephone mock orals and tutorials in 
anesthesiology. (419) 843-4480. 

908G 


DON’T PROCRASTINATE 
Prepare early for the ITE/written boards. 
Unique study program with practice ques- 
tions and answers with explanations, 
guessing techniques, Keywords 1991, and 
much more. Call the original MEDTEXT: 
1-800-695-6301; 24 hours. MC/V accepted. 
757UG 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 

The unique feature of these programs is the 
maximum class size of four students. Prep- 


CLASSIFIED ADS A51 


aration for the written and oral exams are 
given separately in 3-day blocks in San 
Francisco and New York. FOR THE WRIT- 
TENS, techniques are taught for dealing 
with the multiple-choice questions. The ba- 
sic sciences are stressed. FOR THE ORALS, 
the guided case discussions are stressed. 
Home study programs are provided. CALL 
(415) 321-1117. 

763/H 


Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 
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J. STEPHENS MAYHUGH AND 
ASSOCIATES, INC, LOCUM TENENS 
ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 

7551/H 


A WEEKEND OF MOCK ORAL EXAMS 
Mock orals, not lectures. We are the origi- 
nal course in this format. 20 hours category 
I CME credit, two board-certified instruc- 
tors, 12 students maximum. Tampa, July 
31~August 2; Dallas, August 21-23. ANES- 
THESIA EXAM REVIEW, 7128 Regents 
Park, Toledo, OH 43617. (419) 843-4480 or 
(813) 394-8780. 

896E/G 


DANIEL & YEAGER LOCUM TENENS 
Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our spe- 
cialty, so you are assured of our personal 
attention. Earn a premium income while 
eliminating administrative headaches and 
malpractice premiums; we cover it all. Call 
1-800-264-1919 or write to 200 Clinton Ave- 
nue, NW, Suite 400, Huntsville, AL 35801. 
898E/L 


INTRODUCING ... “BOARD CARDS” 
A unique study system, designed specifically 
for the oral boards. Study cards are formatted 
to provide a well-organized, systematic ap- 
proach, using the latest references. Over 300 
cards in 20 subject categories, $245 postpaid 
(MC/V1). For more information write or call: 
BOARD CARDS, P.O. Box 577, Shasta, CA 
96087, (800) 638-1294. 

914FG 
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CRUCIAL PARAMETERS IN SELECTING A 
NEUROMUSCULAR BLOCKING AGENT 


HEMODYNAMICS 


HISTAMINE 


RECOVERY 


To 25% of control 
To 95% of control 


DONNE 
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SHELF LIFE 


Norcuron’ 
(vecuronium bromide) for injection 


No significant variations in 


blood pressure, cardiac output, 
or systemic vascular resistance. ' 


Available clinical experience 
indicates that reactions 
commonly associated with 
histamine release are unlikely 
to occur.'* 


25-40 min? 
45-65 min’ 


The initial recommended dose 
is 0.08-0.1 mg/kg. 

Dose can be increased 

up to 0.28 mg/kg for long 
cases without significant 
histamine release or related 
cardiovascular side effects.'*" 


2-year shelf life in lyophilized 
form at room temperature.t 
Can be reconstituted with 
various IV solutions including 
Lactated Ringers 


* Dose of atracurium above 0.5 mg/kg is not recommended. 
t As originally supplied by the respective manufacturers. 
+ Storage after reconstitution varies with solution. See package insert. 


Atracurium besylate 


Statistically significant variations 
in blood pressure, cardiac 
output, and systemic vascular 
resistance.’ (P<.05) 


Precautions advised for patients 
in whom substantial histamine 
release would be hazardous (eg, 
clinically significant cardiovas- 
cular disease, asthma). ’ 
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Initial recommended dose is 
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A moderate histamine release 
and significant falls in blood 
pressure have been seen 
following a dose of 0.5 mg/kg 
(P<.05) and 0.6 mg/kg. *°° 
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Upon removal from refrigeration 
to room temperature storage, 
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(atracurium besylate) 
Brief Summary . 
This drug should be used only by adequately trained individais feller wih iis actions, charačtaristics, and 


o i AND USAGE: Tracrium is Indicated, as an adjunct to general anesthesia, to facilitate 
endotracheal intubation and io provide skeletal muscie relaxation during surgery or mechanical ventilation, 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to bet a sapere to it, 
USED ONLY BY THOSE SKILLED IN 


WARNINGS: SHOULD AY MANAGEMENT AND: 
RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 


FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
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The American Board of Anesthesiology 
(ABA) will administer a written exami- 
nation in CRITICAL CARE MEDI- 
CINE on Saturday, September 11, 1993. 
Diplomates of the ABA who apply and 
are judged to be qualified ~ virtue of . 
their additional training will be ac- 
cepted for examination. An application 
may be requested by writing to the 
Secretary, American Board of Anesthe- 
siology, 100 Constitution Plaza, Hart- 
ford,. Connecticut 06103-1796. The 
deadline for receipt of completed appli- 
cations in the Board office is March 1, 
1993. 


The American Board of Anesthesiology 
(ABA) will award a Certification of 
Added Qualifications in PAIN MAN- 
AGEMENT beginning in 1993. Diplo- 
mates of the ABA who apply for the 
certificate, and are judged to be quali- 
fied by virtue of their additional train- 
ing or experience in Pain Management, 
will be accepted for the examination to 
be administered Saturday, September 
11, 1993. An application may be re- 
quested by writing to the Secretary, 
American Board of Anesthesiology, 100 
Constitution Plaza, Hartford, Connect- 
icut 06103-1796. The deadline for re- 
ceipt of completed applications in the 
Board office is March 1, 1993. 


Now in benzodiazepine anesthesia 
Take Aim at 
Prompt Reversal 


a 


Introducing from Roche... 





Awake and alert-—effective reversal 
of sedation 


New MAZICON (flumazenil/Roche) rapidly and specifically reverses 
sedation produced by any benzodiazepine 


Promptly restores patients to consciousness—often within 
minutes of reaching an effective dose 


Reverses benzodiazepine sedative effects only—not the 
effects of narcotics or other CNS agents 


Adverse effects 


The most common side effects in clinical trials were nausea 
and vomiting (11%), dizziness (10%), agitation (3-9%) and 


injection-site pain (3-9%) 
Specific 
Reversal of 
Benzodiazepine 
Sedation 








Seizures 


MAZICON is associated with seizures, 

most often in patients on benzodiazepines for long-term 
sedation or who are showing signs of serious cyclic 
antidepressant overdose. Practitioners should individual- 
ize the dosage and be prepared to manage seizures. 





Worldwide experience 


Proven clinical experience in more than 50 countries 
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Please see following pages for complete product information. 
Copyright © 1992 by Hoffmann-La Roche Inc. All rights reserved. 






1-800-756-7654 
Call today for more information. 
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flumazenil/Roche 


The reversal agent you’ve been waiting for 
See important safety information about resedation. 


Prompt Reversal of 
Benzodiazepine Sedation 


Dosing and Administration 


For reversal of benzodiazepine-induced general anesthesia 
or conscious sedation: 


Initial dose: 0.2 mg (2 mL) I.V. over 15 seconds 


um |f desired level of consciousness is not 
obtained after waiting an additional 45 seconds: 


Follow-up doses: 0.2 mg (2 mL) |. V. every 60 seconds 


=> Up to a maximum dose of 1.0 mg (10 mL) 
Management of resedation: 
Repeat treatment above 
Repeat treatment may be given no more often than every 20 minutes 
x> No more than 1 mg total dose should be given in any 5-minute interval 


=> No more than 3 mg total dose should be given in any one hour 


Important safety information 


=» Contraindicated in hypersensitivity to benzodiazepines or MAZICON; in 
patients taking benzodiazepines for control of potentially life-threatening 
conditions: and in patients showing signs of serious cyclic antidepres- 
sant overdose 


w=» Patients should be monitored for resedation, respiratory depression or 
other residual effects of benzodiazepines 


w=» MAZICON does not diminish the need for prompt detection of hypoventila- 
tion and the ability to intervene effectively by establishing an airway and 
assisting ventilation 


w=» MAZICON should not be the initial treatment for benzodiazepine-induced 
hypoventilation; the first step is assisted ventilation 


w= In patients who are dependent on benzodiazepines, MAZICON may 
precipitate withdrawal syndromes 
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Roche Laboratories The reversal agent you've been waiting for 
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} a division of Hoffmann-La Roche Inc. See important safety information about resedation. 


MAZICON™ 

fflumazenil/Roche} 

DESCRIPTION: MAZICON™ {flumazeni:/Roche} is a benzodiazepine receptor antagonist. Chemically, flumaze- 
nil is ethyl 8-fluoro-5 6-dihydro-5-methy!-6-oxo-4H -imidazo/ 1,5-a}(1.4) benzediazepine-3-carboxylate. 
Hurnazenil has an imidazobenzodiazepine structure, a calculated molecular weight of 303.3. 

Fiumazenil is a white to off-white crystalline compound with an octanol:buffer partition coefficient of 14 to 1 at 
pH 7.4. itis insoluble in water but slightly soluble in acidic aqueous solutions. MAZICON is available as a 
sterile parenteral dosage form for intravenous administration, Each mL contains 0.1 mg of flumazenil com- 
pounded with 1.8 mg of methylparaben, 0.2 mg of propylparaben, 0.9% sodium chloride, 0.01% edetate di- 
sodium, and 0.01% acetic acid; the pH is adjusted to approximately 4 with hydrochloric acid and/or, if neces- 
sary, sodium hydroxide. 

CLINICAL PHARMACOLOGY: Flumazenil, an imidazobenzodiazepine derivative, antagonizes the actions of 
benzodiazepines on the central nervous system, Flumazenil competitively inhibits the activity at the benzodi- 
azepine recognition site on the GABA/benzodiazepine receptor complex. Flumazenil is a weak partial agonist 
in some animal modeis of activity, but has little or no agonist activity in man. 

Flumazeni does not antagonize the central nervous system effects of drugs affecting GABA-ergic neurons by 
means other than the benzodiazepine receptor (including ethanol, barbiturates or general anesthetics) and 
does not reverse the effects of opioids. 

PHARMACODYNAMICS: Intravenous MAZICON has been shown to antagonize sedation, impairment of recall 
and psychomotor impairment produced by benzodiazepines in healthy human volunteers. 

The duration and degree of reversal of benzodiazepine effects are related to the dose and plasma concentra- 
tions of flumazenil as shown in the following data from a study in normal volurteers. 


Magnitude and Duration of Reversal of Sedation as a Function of Sumazenil Dose’ 
Flumazenil doses of 0.2,0.6 & 1.0 mg 
(bicod level in ng/mL} 


(35 ager} COMPLETELY ALERT 


Minutes after Flumazenil Injection 
* Sedation produced by midazolam infusion at a rate of 0.06 -0.20 mg/kg/hr in healthy volunteers 


Generally, doses of approximately 0.1 to 0.2 mg (corresponding to peak plasma levels of 3 to 6 ng/mL) pro- 
duce partial antagonism, whereas higher doses of 0.4 to 1.0 mg (peak plasma ‘evels of 12 to 28 ng/mL) usu- 
ally produce complete antagonism in patients who have received the usual sedating doses of benzodiazepines. 
The onset of reversal is usually evident within t to 2 minutes after the injection is completed. Eighty percent 
response will be reached within 3 minutes, with the peak effect occurring at 6 to 10 minutes. The duration and 
degree of reversal are related to the plasma concentration of the sedating benzodiazepine as well as the dose 
of MAZICON given. 

in healthy volunteers, MAZICON did not alter intraocular pressure when given alone and reversed the decrease 
in intraocular pressure seen after administration of midazolam. 

PHARMACOKINETICS: After iV administration, plasma concentrations of flumazenil follow a two compart- 
ment open pharmacokinetic mode! with an initial distribution half-life of 7 to 15 minutes and a terminal half-life 
of 41 to 79 minutes. Peak concentrations of flumazenil are proportional to dose, with an apparent initial vol- 
ume of distribution of 0.5 Læg. After redistribution the apparent volume of distribution (V..) ranges from 
0.77 to 1.60 L’kg. Protein binding is approximately 50% and the drug shows no preterentia partitioning into 
red blood cells. 

Filumazenil is a highly extracted drug. Clearance of flumazenii occurs primarily by hepatic metabolism and is 
dependent on hepatic biood flow. In pharmacokinetic studies of normal voluntgers, total clearance ranges 
from 0.7 to 1.3 L/hr/kg, with Jess than 1% of the administered dose eliminated unchanged in the urine. The 
major metabolites of flumazenil identified in urine are the de-ethylated free acid and its glucuronide conjugate. 
in preclinical studies there was no evidence of pharmacologic activity exhibited by the de-ethylated free acid. 
Elimination of radiolabelled drug is essentially complete within 72 hours, with 90% to 95% of the radioactivity 
appearing in urine and 5% to 10% in the feces. 


Pharmacokinetic Parameters Following a 5-minute infusion of a total of 1.0 mg of MAZICON Mean (Coefficient 
of variation, Range) 


Cmax (ng/mL) 24 (38%, 11-43} 
AUC ing-hr/mt) 15 (22%, 10-22} 
Vag (U/kg) 1 (24%, 0.8-1.6; 
CI (L/hr/kg) 1 (20%, 0,7-1.4: 


Half-life (min) 54 (21%, 41-79} 


The pharmacokinetics of flumazenil are not significantly affected by gender, age, renal failure (creatinine clear- 
ance <10 mL/min), or hemodialysis beginning 1 hour after drug administration. Mean total clearance is de- 
creased to 40% to 60% of normal in patients with moderate liver dysfunction and to 25% of normal in patients 
with severe liver dysfunction compared with age-matched healthy subjects. This results in a prolongation of 
the half-life from 0.8 hours in healthy subjects to 1.3 hours in patients with moderate hepatic impairment and 
2.4 hours in severely impaired patients. Ingestion of food during an intravenous infusion of the drug results in 
a 50% increase in clearance, most likely due to the increased hepatic blood flow that accompanies a meal. 

The pharmacokinetic profile of fumazenii is unaltered in the presence of benzodiazepine agonists and the ki- 
netic profiles of those benzodiazepines are unaltered by flumeazenil, 


CLINICAL TRIALS: MAZICON has been administered to reverse the effects of benzodiazepines in conscious 
sedation, general anesthesia, and the management of suspected benzodiazepine overdose. 
CONSCIOUS SEDATION: MAZICON was studied in four trials in 970 patients who received an average of 30 
mg diazepam or 10 mg midazolam for sedation (with or without a narcotic) in conjunction with both inpatient 
and outpatient diagnostic or surgical procedures. MAZICON was effective in reversing the sedating and psy- 
chomotor effects of the benzodiazepine, however, amnesia was less completely and less consistently re- 
versed. in these studies, MAZICON was administered as an initial dose of 0.4 mg 1.V. (two doses of 0.2 mg) 
with additional 0.2 mg doses as needed to achieve compiete awakening, up to 2 maximum total dose of 1. 
mg. 
Seventy-eight percent of patients receiving flumazenil responded by becoming completely alert. Of those pa- 
tients, approximately haif responded to doses of 0.4 to 0.6 mg, while the other half responded to doses of 0.8 
to 1.0 mg. Adverse effects were infrequent in patients who received t mg of MAZICON or less. although injec- 
tion site pain, agitation and anxiety did occur. Reversal of sedation was not associated with any increase in the 
frequency of inadequate anaigesia or increase in narcotic demand in these studies. While most patients re- 
mained alert throughout the 3 hour post-procedure observation period, resedation was observed to occur in 
3% to 9% of the patients, and was most common in patients who had received high doses of benzodiazepine. 
See aN Aner 

ENERAL ANESTHESIA: MAZICON was studied in four trials in 644 patients who received midazolam as an 
induction and/or maintenance agent in both balanced and inhalational anesthesia. Midazolam was generally 
administered in doses ranging from 5 to 80 mg, alone and/or in conjunction with muscle relaxants, nitrous ox- 
ide, regional or local anesthetics, narcotics and/or inhalational anesthetics. Flumazenil was given as an initial 
dose of 0.2 mg IV, with additional 0.2 mg doses as needed to reach a complete response, up to a maximum 
total dose of 1.0 mg. These doses were effective in reversing sedation and restoring psychomotor function, 
but did not completely restore memory as tested by picture recall. MAZICON was not as effective in the rever- 
sai of sedation in patients who had received multiple anesthetic agents in addition to benzodiazepines. 
Eighty-one percent of patients sedated with midazolam responded to flumazeni! by becoming completely alert 
of just slightly drowsy. Of those patients, 36% responded to doses of 0.4 to 0.6 mg, while 64% responded to 
doses of 0.8 to 1.0 mg. 
Resedation in patients who responded to MAZICON occurred in 10% to 15% of patients studied and was 
more common with larger doses of midazolam (> 20 mg), long procedures {>69 minutes} and use of neuro- 
muscular blocking agents. (See PRECAUTIONS } 
MANAGEMENT OF SUSPECTED BENZODIAZEPINE OVERDOSE: MAZICON was studied in two trials in 497 
patients who were presumed to have taken an overdose of a benzodiazepine, either alone or in combination 
with a variety of other agents. In these trials, 299 patients were proven to have taken a benzodiazepine as part 
of the overdose, and 80% of the 148 who received MAZICON responded by an improvement in level of con- 
sciousness. Of the patients who responded to flumazenil, 75% responded to a total dose of 1.0 to 3.0 mg. 





MAZICON™ (flumazenil/Roche} 


Reversal of sedation was associated with an increased frequency of symptoms of CNS excitation. Of the pa- 
tients treated with flumazenil, 1% to 3% were treated for agitation or anxiety. Serious side effects were un- 
common, but six Seizures were observed in 446 patients treated with flumazenil in these studies, Four of 
he 6 ao had ingested a large dose of cyclic antidepressants, which increased the risk of seizures. (See 
WARNINGS.) 


INDIVIDUALIZATION OF DOSAGE: GENERAL PRINCIPLES: The serious adverse effects of MAZICON are re- 
lated to the reversal of benzodiazepine effects. Using more than the minimally effective dose of MAZICON is 
tolerated by most patients but may complicate the management of patients who are physically dependent on 
benzodiazepines or patients who are depending on benzodiazepines for therapeutic effect (such as suppres- 
sion of seizures in cyclic antidepressant overdose). 

In high risk patients, it s important to administer the smallest amount of MAZICON that is effective. The 1- 
minute wait between individual doses in the dose-titration recommended for general clinical populations may 
be too short for high risk patients. This is because it takes 6 to 10 minutes for any single dose of flumazenil to 
reach full effects. Practitioners shouid slow the rate of administration of MAZICON administered to high risk 
patients as recommended below. ; 

ANESTHESIA AND CONSCIOUS SEDATION: MAZICON is well tolerated at the recommended doses in individ- 
uais who have no tolerance to (or dependence on) benzodiazepines. The recommended dosages and titration 
rates in anesthesia and conscious sedation (0.2 to 1.0 mg given at 0.2 mg/min) are well tolerated in patients 
receiving the drug for reversal of a single benzodiazepine exposure in most clinical settings (see Adverse 
Events). The major risk will be resedation because the duration of effect of a long-acting (or large dose of a 
short-acting) benzodiazepine may exceed that of MAZICON. Resedation may be treated by giving a repeat 
dose at no less than 20-minute intervals. For repeat treatment, no more than 1.0 mg (at 0.2 mg/min doses} 
should be Ha at any ore lime and no more than 3.0 mg should be given in any one hour. 

OVERDOSE PATIENTS: The risk of confusion, agitation, ernotional lability and perceptual distortion with the 
doses recommended in patients with benzodiazepine overdose (3 to 5 mg administered as 0.5 mg/min) may 
be greater than that expected with lower doses and slower administration. The recommended doses repre- 
sent a compromise between a desirable slow awakening and the need for prompt response and a persistent 
effect in the overdose situation. If circumstances permit, the physician may elect to use the 0.2 mg/minute 
titration rate to slowly awaken the patient over 5 to 10 minutes, which may help to reduce signs and symp- 
toms on emergence. 

MAZICON has no effect in cases where benzodiazepines are not responsible for sedation. Once doses of 3 to 
5 mg have been reached without clinical response, additional MAZICON is likely to have no effect. 

PATIENTS TOLERANT TO BENZODIAZEPINES: MAZICON may cause benzodiazepine withdrawal symptoms 
in individuals who have been taking benzodiazepines long enough to have some degree of tolerance. Patients 
who had been taking benzodiazepines prior to entry into the MAZICON trials who were given flumazeri in 
doses Sha 1 mg experienced withdrawal-like events 2 to 5 times more trequently than patients who received 
less than 1 mg. 

in patients who may have tolerance to benzodiazepines, as indicated by clinical history or by the need for 
larger than usual doses of benzodiazepine, slower titration rates of 0.1 mg/min and tower total doses may heip 
reduce the frequency of emergent confusion and agitation. In such cases special care must be taken ta moni- 
tor the patients for resedetion because of the lower doses cf MAZICON used. 

PATIENTS PHYSICALLY DEPENDENT ON BENZODIAZEPINES: MAZICON is known to precipitate withdrawal 
seizures in patients who are physically dependent on benzodiazepines, even if such dependence was estab- 
lished in a relatively few days of high dose sedation in intensive Care Unit environments. The risk of either 
seizures or resedation in such cases is high and patients have experienced seizures before regaining con- 
sciousness, 

MAZICON should be used in such settings with extreme caution, since the use of flumazenil in this situation 
has not been studied and no information as to dose and rate of titration is available. MAZICON should be used 
in such patients only if the potential benefits of using the drug outweigh the risks of precipitated seizures. 
Physicians are directed tc the scientific literature for the most current information in this area. 


INDICATIONS AND USAGE: MAZICON is indicated for the complete or partial reversal of the sedative effects of 
benzodiazepines in cases where general anesthesia has been induced and/or maintained with benzodi- 
azepines, where sedation has been produced with benzodiazepines for diagnostic and therapeutic procedures, 
and for the management of benzodiazepine overdose. 
CONTRAINDICATIONS: MAZICON is contraindicated: 
* in patients with a known hypersensitivity to flumazenil or to benzodiazepines. 
* in patients who have been given a benzodiazepine for control of a potentially life-threatening condition 

(e.g. control of intracranial pressure or status epilepticus). 
* in patients who are showing signs of serious cyclic antidepressant overdose. (See WARNINGS.) 
WARNINGS: 


THE USE OF MAZICON HAS BEEN ASSOCIATED WITH THE OCCURRENCE OF SEIZURES. 
THESE ARE MOST FREQUENT IN PATIENTS WHO HAVE BEEN ON BENZODIAZEPINES FOR LONG- 
TERM SEDATION OR IN OVERDOSE CASES WHERE PATIENTS ARE SHOWING SIGNS OF SERIOUS 


CYCLIC ANTI-DEPRESSANT OVERDOSE. 
PRACTITIONERS SHOULD INDIVIDUALIZE THE DOSAGE OF MAZICON AND BE PREPARED TO 
MANAGE SEIZURES. 





Risk of Seizures: The reversal of benzodiazepine effects may be associated with the onset of seizures in 
certain high-risk populations. Possible risk factors for seizures include: concurrent major sedative-hyp- 
notie drug withdrawal, recent therapy with repeated doses of parenteral benzodiazepines, myoclonic jerk- 
ing or seizure activity prior te flumazenil administration in overdose cases, or concurrent cyclic anti-de- 
pressant poisoning. 

MAZICON is not recommended in cases of serious cyclic antidepressant poisoning, as manifested by mo- 
tor abnormalities (twitching, rigidity, focal seizure), dysrhythmia (wide QRS, ventricular dysrhythmia, 
heart block}, anticholinergic signs (mydriasis, dry mucosa, hypo-peristalsis), and cardiovascular collapse 
at presentation. in such cases CON should be withheld and the patient should be allowed to remain 
sedated (with ventilatory and circulatory support as needed) unti! the signs of antidepressant toxicity have 
subsided. Treatment with MAZICON has no known benefit to the seriously ill mixed-overdose patient 
other than reversing sedation and should not be used in cases where seizures (from any cause) are likely. 
Most convulsions associated with flumazenil administration require treatment and have been success- 
fully managed with benzediazepines, phenytoin or barbiturates. Because of the presence of flumazenil, 
higher than usual doses of benzodiazepines may be required. 


HYPOVENTILATION: Patients who have received MAZICON tor the reversat of benzodiazepine effects (after 
conscious sedation or general anesthesia) should be monitored for resedation, respiratory depression, or 
other residual benzodiazepine effects for an appropriate period (up to 120 minutes) based on the dose and 
duration of effect of the benzodiazepine employed. 

This is because MAZICON has not been estab! as an effective treatment for hypoventilation due to 
benzodiazepine administration. The availability of flumazenil does not diminish the need tor prompt de- 
sam of hypoventilation and the ability to effectively intervene by establishing an airway and assisting 
ventilation. 

MAZICON may not fully reverse postoperative airway problems or ventilatory insufficiency induced by 
benzodiazepines. In addition, even if MAZICON is initially effective, such problems may recur because the 
effects of MAZICON wear off before the effects of many benzodiazepines. 

pete cases should always be monitored for resedation until the patients are stable and resedation is 
unlikely. 


PRECAUTIONS: RETURN OF SEDATION: MAZICON may be expected to improve the alertness of patients re- 
covering from a procedure involving sedation or anesthesia with benzodiazepines, but should not be substi- 
tuted for an adequate period of post-procedure monitoring. The availability of MAZICON does not reduce the 
risks associated with the use of large doses of benzodiazepines for sedation. 

Patients should be monitored for resedation, respiratory depression (see WARNINGS), or other persistent or 
recurrent agonist effects for an adequate period of time after administration of MAZICON, 

Resedation is least likely ia cases where MAZICON is administered to reverse a low dose of a short-acting ben- 
zodiazepine {<10 mg midazolam). it is most likely in cases where a large single or cumulative dose of a benzo- 
diazepine has been given in the course of a long procedure along with neuromuscular blocking agents and 
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echanical ventilation has traditionally been 

used in two very different settings, namely, 

in the operating room for anesthetized pa- 
tients with otherwise adequate respiratory function 
and in the intensive care unit (ICU) for patients with 
respiratory failure. An improved understanding of 
pulmonary pathophysiology and recent technological 
advances have significantly altered our current ap- 
proach to mechanical ventilation in the ICU. The 
article in this issue of Anesthesia & Analgesia by 
Christie and Smith (1) on pressure support ventila- 
tion (PSV) for anesthetized patients is an attempt to 
define the value of these new approaches in the 
operating room setting. 

Before the mid-1960s, volume-controlled ventila- 
tion in an assist/control mode was standard practice, 
and weaning from mechanical ventilation was pri- 
marily an all-or-none phenomenon with T-tube trials. 
Maintenance of functional residual capacity (FRC) 
was subsequently recognized as a major factor in 
allowing adequate oxygenation, decreased work of 
breathing (WOB), and prevention of atelectasis in the 
tracheally intubated patient. The use of positive end- 
expiratory pressure (PEEP) became increasingly pop- 
ular as a means to maintain FRC and prevent atelecta- 
sis. In the early 1970s, intermittent mandatory 
ventilation was introduced to allow weaning from 
mechanical ventilation without the development of 
excessive WOB and resultant neuromuscular fatigue. 
Ventilatory support of the patient with acute respira- 
tory failure primarily relied on large tidal volume 
breaths for alveolar ventilation and PEEP for mainte- 
nance of oxygenation and FRC. 

The available intermittent mandatory ventilation 
circuits were often designed with demand valves 
requiring varying degrees of patient effort during 
spontaneous ventilation. Similar circuits became 
commonplace for the routine use of continuous pos- 
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itive airway pressure as a means of maintaining FRC 
in the presence of an endotracheal or tracheostomy 
tube. The value of maintaining FRC in reducing 
atelectasis, improving compliance, and reducing pul- 
monary vascular resistance was balanced by a poten- 
tially detrimental increase in WOB with use of such 
circuits. Although continuous-flow circuits as an al- 
ternative to demand valves were shown by Viale et 
al. (2) to reduce WOB, the majority of equipment 
available in the operating room and ICU used de- 
mand valve circuits. 

The past decade has seen the development of 
multiple new ventilatory modes, such as high- 
frequency ventilation, high-frequency oscillation, air- 
way pressure release ventilation, and inverse ratio 
ventilation. Each of these techniques improves oxy- 
genation by maintaining a high mean airway pres- 
sure but prevents barotrauma by reducing peak air- 
way pressure. These techniques are applicable 
primarily to the patient with poor pulmonary compli- 
ance and increased physiologic shunting caused by 
adult respiratory distress syndrome. 

In contrast to these techniques that primarily ad- 
dress oxygenation, PSV is designed to maintain ade- 
quate alveolar ventilation without excessive WOB 
during spontaneous ventilation. Pressure support 
ventilation is used in two different ways. First, PSV 
may be used at low levels (5-10 cm H,O) to decrease 
the increased WOB related to resistance of the endo- 
tracheal tube, work due to limited flow rates, and 
work due to demand valves (3). In this application, 
PSV results in an increased airway pressure during 
inspiration and reduces WOB to those values that 
would occur in the absence of exogenous factors. 

A second application of PSV is its use as a method 
to increase alveolar ventilation and maintain ade- 
quate tidal volumes. Patients with respiratory failure 
frequently have decreased pulmonary (lung-thorax) 
compliance and increased minute ventilatory require- 
ments, a combination that results in rapid, shallow 
breathing and markedly increased WOB. Pressure 
support ventilation-may be used to decrease WOB to 
an acceptable level./During inspiration, the force 
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producing lung expansion is the difference between 
airway pressure and pleural pressure. By increasing 
airway pressure during inspiration, PSV increases 
this pressure differential, resulting in an augmented. 
tidal volume without increased WOB. Because inspi- 
ration during PSV is terminated when air flow de- 
creases below a set value, tidal volumes and minute 
ventilation are partially dependent on patient effort. 


In general, PSV is used at levels of 5-50 cm H,O to 


increase tidal volume and decrease WOB. 

Intensive care units were organized in the 1950s to 
provide optimal therapy for patients with respiratory 
failure, commonly as a result of poliomyelitis. Anes- 
thesiologists became the principal caregivers, trans- 
ferring knowledge and techniques accrued through 
decades of experience in the operating room. The use 
of large tidal volume (12-15 mL/kg) mechanical ven- 
tilatory support arose from studies demonstrating 
benefit in reducing atelectasis and maintaining FRC. 
In the majority of ICU units, the standard approach 
to mechanical ventilation of patients with normal 
lungs now includes intermittent mandatory ventila- 
tion with large (12-15 mL/kg) tidal volumes, low 
levels (approximately 5 cm H,O) of PEEP, and low 
levels (5-8 cm H,O) of pressure support. This ap- 
proach is designed to maintain normal FRC and 
normal WOB. With the recognition of decreased FRC 
as a principal sequela of general anesthesia and the 
major role that this pathophysiologic occurrence 
plays in the development of postoperative complica- 
tions, it is surprising that the previously mentioned 
therapeutic approaches have not been routinely uti- 
lized in the operating room. In contrast, ventilation of 
such patients in the operating room typically uses full 
mechanical ventilation with low tidal volumes, no 
PEEP, and no pressure support. Spontaneous venti- 
lation is frequently not allowed, owing to concerns 
with regard to FRC, WOB, and alveolar ventilation. 
The article by Christie and Smith (1) in this issue of 
Anesthesia & Analgesia addresses some of these con- 
cerns. 

By monitoring airway pressure, esophageal (pleu- 
ral) pressure, and air flow, Christie and Smith (1) 
measured WOB in nine patients during general en- 
dotracheal anesthesia and spontaneous ventilation. 
Each patient was studied under three different ven- 
tilatory conditions: a standard anesthesia circle sys- 
tem, a servocontrolled ventilator with demand flow 
ventilation, and a servocontrolled ventilator with 
5 cm H,O PSV. In anesthetized patients breathing 
through circle or demand flow systems, WOB was 
two- to threefold higher than normal. The addition of 
5 cm H,O PSV reduced WOB to normal. There were 
no differences in hemodynamics or respiratory vari- 
ables during the three modes of ventilation. 
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The increased inspiratory WOB during general 
endotracheal anesthesia can be considered the sum of ` 
three components: mechanical ventilatory work 
needed to overcome the elastic and flow-resistance 
properties of the lungs and thorax; work required 
owing to the resistance of the endotracheal tube; and 
work required owing to the resistance of the ventila- 
tor system. Both general anesthesia and endotracheal 
intubation without PEEP result in decreases in FRC 
that decrease pulmonary compliance and increase 
airways resistance. The resistance of an endotracheal 
tube is related to tube diameter and length (4). A 
7-mm endotracheal tube will increase WOB by ap- 
proximately 30 mj/L. The increased work required 
owing to the breathing system varies with the specific 
demand valves, flow rates, and inspiratory trigger 
level (5). In the study by Christie and Smith (1), WOB 
was not divided into its three components. Brochard 
et al. (6) recently reported data that does provide 
such a division in patients with respiratory failure. 
During spontaneous ventilation with a Siemens 
Servo 900C ventilator, WOB was 1070 mJ/L; during 
T-piece ventilation, WOB decreased to approximately 
900 mjJ/L; after tracheal extubation, WOB further 
decreased to 810 mJ/L. The level of support required 
to balance the additional WOB due to the endotra- 
cheal tube and ventilator varied from 3.4 to 14.4 cm 
H,O. In that study, one patient had a 7.5-mm endo- 
tracheal tube and all 10 other patients had 8.0- 
9.0-mm tubes. The use of a smaller endotracheal tube 
and different ventilator systems in the operating 
room may result in the need for significantly high 
levels of pressure support. 

In the study by Christie and Smith (1), 5-cm H,O 
pressure support decreased WOB but did not affect 
tidal volumes and respiratory rates. Similar results 
have been reported by Slee et al. (7) in which in- 
creased airway impedance increased WOB but did 
not affect tidal volumes and respiratory rate during 
general anesthesia. In both studies, inspiratory time 
varied to maintain a constant tidal volume; however, 
other studies indicate that increased airway imped- 
ance may result in decreased tidal volumes and 
minute ventilation. Anesthetized patients frequently 
breathe at low tidal volumes and minute ventilation 
owing to the combined effects of decreased pulmo- 
nary compliance, increased inspiratory resistance, 
and the effects of the anesthetic agent. In such 
situations, the anesthesiologist usually relies on me- 
chanical ventilation to prevent atelectasis and hyper- 
carbia. Pressure support ventilation provides a ratio- 
nal alternative method to achieve adequate tidal 
volume and alveolar ventilation during spontaneous 
ventilation. As the current versions of servocon- 
trolled ventilators become more widely available in 
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the operating room, additional studies will be re- 


quired to define the benefits of such an approach. 
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been widely advocated in recent years for 
postoperative analgesia. A large number of 
clinical series have reported excellent efficacy and 


l egional anesthetic techniques for children have 


safety (1-4), and several trials have found either 


improved analgesia or reduced side effects in patients 
treated with regional analgesia compared with con- 
trol groups of patients receiving systemic opioids 
(5,6). 

Two reports in this issue of Anesthesia & Analgesia 
alert us to the possibility of systemic toxicity from 
excessive continuous infusions of local anesthetics in 


children (7,8). There have been several previous case 


reports of convulsions or myocardial depression from 
(presumed intravascular) bolus dosing of local anes- 
thetics (9). A consensus has been reached with regard 
to the maximal limits for single doses: bupivacaine 
(2.5 mg/kg) via several routes has produced plasma 
concentrations in the range of 1-2 wg/mL, which has 
generally not been associated with a risk of convul- 
sions or myocardial depression in adults. 

The authors of the case studies presented in this 
issue are to be commended for their reporting the 
complications encountered. This information may 
help to prevent similar complications from occurring 
in other patients. In the cases reported here, convul- 
sions were prompily and effectively treated, and no 
untoward results occurred. Reports of these types of 
complications rarely appear in the literature. 

The observations of the Johns Hopkins group 
(McCloskey et al. [8]) were initially summarized in a 
newsletter published by the Society for Pediatric 
Urology. On the basis of this report and a related 
series of cases reported by members of the Society for 
Pediatric Anesthesia, a group of pediatric anesthesi- 
ologists chose to pool data concerning pediatric re- 
gional anesthetic complications and to develop a 
multicenter data base. This effort has been funded by 
the Anesthesia Patient Safety Foundation. As a result 
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of the reports by Agarwal et al. (7) and McCloskey et 
al. (8) in this issue, and on the basis of our prelimi- 
nary analysis of 10 cases of convulsions among more 
than 20,000 pediatric regional anesthetic procedures 
in 15 institutions, some generalizations and prelimi- 
nary recommendations can be made with regard to 
pediatric regional anesthetic dosing and the risk of 
convulsions. 


1. Children Are Probably Not More “Resistant” to 
Local Anesthetic Toxicity Than Adults 

The initial optimism expressed by McIlvaine and 
colleagues (10,11) that children may be “resistant” 
to systemic toxicity from local anesthetics now 
appears unfounded. Among the cases of convul- 
sions reported here and the cases reported to our 
data base for which plasma concentrations are avail- 
able, the concentrations ranged from 2 to 10 pg/mL, 
Melivaine et al. (10,11) reported no convulsions in 
children ns interpleural infusions at rates of 
0.5-2.5 mg-ke*-h™*, with plasma concentrations 
ranging from 1 to 7 pg/mL. The absence of convul- 
sions in their series may have been due either to 
small numbers or to the systemic administration of 
benzodiazepines (to treat restlessness or inability to 
sleep [see item 2]). Benzodiazepines may have for- 
tuitously protected some of their patients from con- 
vulsions. 

Badgwell et al. (12) found more resistance to 
central nervous system or cardiac toxicity after rapid 
bupivacaine infusion in 2-day-old piglets (analogous 
to 6-wk-old humans) compared with 2-wk-old pigs 
(analogous to 10-mo-old humans) and 2-mo-old pigs 
(analogous to 3.5-yr-old humans). These results do 
not necessarily support the safety of higher infusion 
rates in human infants or children than in adults 
because (a) human neonates, unlike piglets, have 
diminished plasma concentrations of a,-acid glyco- 
protein, which binds bupivacaine; (b) with pro- - 
longed infusions, the slower clearance of bupiv- 
acaine in human infants (13) will lead to higher 
plasma concentrations than in older patients; and (c) 
2-wk-old and 2-mo-old pigs (analogous to older 
infants and toddlers) were as susceptible to toxicity 
as adult pigs. 
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Table 1. Dependence of Steady-State Plasma Bupivacaine 


2. Do Not Rely on Premonitory S toms or Signs 
2 lie Concentrations (C,,) on Infusion Rate 


for Detection of Toxicity 

Although adults frequently report symptoms of 
minor central nervous system toxicity, younger 
children may not report these symptoms, and 
restlessness or agitation due to minor central ner- 
vous system toxicity in infants and toddlers may 
be misinterpreted as pain or “difficulty in adjust- 
ing to the hospital environment.” 

Because of the lack of premonitory signs, Yaster 
(personal communication) has suggested using 
lidocaine instead of bupivacaine for prolonged epi- 
dural infusions because routine monitoring of 
plasma concentrations is readily available in clinical 
laboratories. This alternative deserves further study. 


. Do Not Exceed Recommended Doses or Infusion 
Rate 

Clinicians should be strongly encouraged not to 
exceed maximal recommended local anesthetic infu- 
sion rates (cf. item 5) when a child appears agitated 
or in pain. If the maximal infusion rate is reached, 
alternatives include (a) adding an epidural or sys- 
temic opioid in addition to the local anesthetic infu- 
sion; (b) testing catheter location with contrast epid- 
urography or by injection of 2-chloroprocaine 
(which could produce dense sensory block without 
significant plasma concentrations); or (c) abandon- 
ing the technique in favor of systemic opioids or 
nonsteroidal antiinflammatory drugs. 

Combined epidural local anesthetic/opioid infu- 
sions are widely recommended to diminish the 
doses and toxicities of either drug. This approach 
has seemed extremely beneficial in adults (14). Al- 
though combination infusions seem reasonable in 
this regard, it remains unproven whether concomi- 
tant administration of opioids alters the risk of local 
anesthetic toxicity. If opioids are administered in 
large enough doses to produce hypercarbia or hy- 
poxia, the risk of convulsions from local anesthetics 
would be increased. 


. Do Not Expect Low-Placed Lumbar or Caudal 
Epidural Local Anesthetic Infusions to Provide the 
Sole Analgesia After Surgery in Upper Abdominal 
or Thoracic Dermatomes 

Several cases of excessive dosing involved at- 
tempts to provide epidural analgesia with catheter 
tips located at lumbar levels for abdominal or 
thoracic surgery. Our study of 54 children under- 
going ureteral reimplantation through low trans- 
verse abdominal incisions found that when infu- 
sions of bupivacaine 0.125% were adjusted to the 
minimal effective infusion rate to provide good 
analgesia (objective pain scale [OPS] score <2), a 
mean infusion rate of 0.55 mL-kg~*-h~? (0.69 mg- 
kg~*-h7’) was required (15). These infusions pro- 


Infusion rate Reference Group maximal 
(mg-kg--h7?) No. C, (g/mL) 
0.2 2 0.8 
0.27 15 2 
0.69 15 3 
1.25-1.5 10 7 


duced plasma bupivacaine concentrations the next 
day that averaged 2 pg/mL but ranged up to 
3 ug/mL in several cases. 

For abdominal and thoracic surgery, if clinicians 
are considering the use of epidural local anesthetics, 
alternatives include (a) cephalad advancement of 
caudal or lumbar epidural catheters to thoracic levels 
(3); (b) low catheter placement and use of hydro- 
philic opioids; or (c) thoracic epidural catheter place- 
ment (in skilled hands and with proper weighing of 
risks and benefits) (1). 


. For Epidural Bupivacaine Infusions, After a Load- 


ing Dose of 2-2.5 mg/kg, Infusion Rates Should 
Probably Not Exceed 0.4-0.5 mg:kg™'-h~* for Older 
Infants, Toddlers, and Children, or 0.2-0.25 mg: 
kg~*-h7? for Neonates 

These recommendations are based on available 
data relating plasma bupivacaine concentrations to 
infusion rates, as shown in Table 1, and on consid- 
eration of the infusion rates and plasma concentra- 
tions described by Agarwal et al. (7) and the convul- 
sions reported to our data base, as described earlier. 
The recommendation of McCloskey et al. (8) to 
infuse bupivacaine at rates up to 0.75 mg-kg™*-h7 
seems insufficiently conservative because at least 
three convulsions have occurred in patients with 
infusion rates of 0.5-0.8 mg-kg™*:h7?. 


. Reduce Infusion Rates Further for Patients With 


Risk Factors for Seizures 
Among the convulsions reported to date to our 
data base, the only patients with convulsions who 
were receiving bupivacaine infusion rates =0.5 mg: 
kg~'-h~ had factors that could be expected to either 
(a) increase uptake into the circulation (e.g., pulmo- 
arteriovenous malformation in the patient of 
Agarwal et al. [7] receiving interpleural analgesia), 
or (b) increase the risk of convulsions at lower 
plasma concentrations (e.g., a past history of febrile 
convulsions that occurred during a period of post- 
operative fever, hypomagnesemia, or hyponatremia 
associated with free water intoxication). 


The occurrence of convulsions as reported here 


should not dissuade clinicians from using epidural 
local anesthetic infusions in children. Regional anal- 
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gesia can be used with excellent safety and efficacy in' 
children. Safe administration requires limiting dosing. 


to acceptable infusion rates, careful physician and 
nursing assessment, and adherence to systematic 
protocols. In our hospital over the past 6 yr, more 
than 1400 children and adolescents have received 
epidural local anesthetic infusions (primarily bupiv- 
acaine 0.1% in combination with fentanyl or hydro- 


morphone) in accordance with these dosing guide- 


lines without convulsion. 
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ORIGINAL ARTICLES 


Pressure Support Ventilation Decreases Inspiratory 
Work of Breathing During General Anesthesia and 


Spontaneous Ventilation 


Joan M. Christie, MD, and Robert A. Smith, MS 


Department of Anesthesiology, University of South Florida College of Medicine, Tampa, Florida 


Spontaneous ventilation may offer advantages over 
controlled mechanical ventilation (CMV), but in- 
crease in work of breathing may diminish its useful- 
ness. During general anesthesia, respiratory depres- 
sion and increased work of breathing often preclude 
spontaneous ventilation, and patients then receive 
CMV. We compared the inspiratory work of breath- 
ing of anesthetized patients who breathed with pres- 
sure support ventilation (PSV) with that associated 
with a demand gas flow and a standard anesthesia 
circle system. We studied nine consenting patients 
who underwent general inhaled anesthesia with or 
without regional supplementation. An anesthesia/ 
ventilator system (Siemens 900D, Solna, Sweden) 
provided PSV (5 cm H,O) or demand gas flow during 
spontaneous inspiration. Gas flow during demand 
breathing and PSV was initiated when inspiration 
produced a 2-cm H,O reduction in airway pressure. 
An anesthesia machine (Drager Narkomed 3, Telford, 
a ) GLE a ae a gas flow rate of 6 L/min through a 

ard semiclosed circle system. Airway pressure, 
airway gas flow rate, and e és aha pressure were 
continuously transduced, and data or signals were 
conveyed to a computer. Tidal volume and respira- 


ork of breathing (WOB) is increased in 
spontaneously breathing intubated patients 
undergoing general anesthesia (1,2). When 
WOB under anesthesia becomes excessive, respira- 
tory failure may result (3,4). The factors that contrib- 
ute to increased WOB under anesthesia are related to 
the breathing system used and the effects of the 
anesthesia itself. The induction of general anesthesia 
results in reduction of functional residual capacity, 
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tory rate were computed from the flow curve. The 
inspiratory work of breathing was calculated as the 
integral of the area subserved by a plot of esophageal 
pressure and tidal volume during inspiration. Heart 
rate and mean arterial blood pressure were recorded, 
and arterial blood was sampled for gas tension and 
pH analysis. No differences were found in pHa, 
Pacoz, Pao, tidal volume, respiratory rate, heart 
rate, or mean arterial blood pressure among the 
three modes of ventilation. Inspiratory work of breath- 
ing was less when patients received PSV (171 + 
65 mJ/L) (mean + sp) compared with breathing with a 
demand valve (690 + 231 mJ/L) or circle system (532 + 
160 mJ/L) (P < 0.05). Mean airway pressure was more 
with PSV (5.4 + 1.0 cm H,O) than with demand flow 
(0.1 + 1.4 cm H0) or with the circle system (0.4 + 
1.0 cm H,O) (2 < 0.05); Fio, remained constant at 0.4 + 
0.05. We conclude that PSV with 5 cm H,O can be used 
to decrease inspiratory work in spontaneously breath- 
ing patients during general anesthesia compared with 
spontaneous breathing with a standard circle system or 
demand gas flow and that the reduction is not associ- 
ated with deleterious hemodynamic effects. 

(Anesth Analg 1992;75:167-71) 


decreased lung and thorax compliance, and increased 
inspiratory resistance (1-6). The breathing system 
apparatus, including endotracheal tube, valves, con- 
nectors, and gas flow rates, also causes increased 
respiratory tract resistance and WOB (6). In addition 
to these effects, central ventilatory drive is altered 
under anesthesia, resulting in varying rate and 
depth of respiration and displacement of the apneic 
threshold tc a higher Pco, level (7). Under these cir- 
cumstances, anesthesiologists may choose to mechani- 
cally control ventilation rather than permit spontaneous 
breathing. Controlled ventilation in anesthetized pa- 
tients may produce adverse hemodynamic effects and 
necessitate paralysis. Spontaneous breathing offers ad- 
vantages over controlled ventilation with muscle paral- 
ysis (e.g., earlier tracheal extubation, stability of arterial 
blood pressure and heart rate, improved matching of 
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ventilation and perfusion, and more accurate determi- 
nation of anesthetic depth) (1,2). 


Pressure support ventilation (PSV) is a form of: 


mechanical ventilatory support that delivers a se- 
lected amount of positive pressure in response to 
spontaneous inspiratory effort (8). Studies in nonan- 
esthetized subjects have confirmed the utility of PSV 
in ameliorating increased resistance imposed by tra- 
cheal tubes and ventilator/patient dysynchrony (9). 
Thus, theoretically, PSV could compensate for some 
of the increased WOB associated with general anes- 
thesia in spontaneously breathing patients. The ef- 
fects of PSV on WOB, arterial blood pressure, heart 
rate, and gas exchange have not been elucidated for 
anesthetized patients. We compared the inspiratory 
WOB (W)), gas exchange, and hemodynamics of 
anesthetized patients while they spontaneously 
breathed with a conventional anesthesia circle sys- 
tem, with a demand gas flow, or with 5 cm H3O of 
PSV. Our aim was to evaluate the effects of PSV on 
W, and to determine whether PSV produced the 
adverse hemodynamic effects commonly associated 
with mechanical ventilation. 


Methods 


Institutional Review Board approval and informed con- 
sent from all patients were obtained. Patients sched- 
uled to receive general anesthesia with regional supple- 
mentation were premedicated with hydroxyzine HCl 
(0.6 mg) and midazolam (0.035 mg/kg) intram 

Spinal or epidural blockade was established with 10 mg 
of tetracaine intrathecally or 20 mL of 0.25% bupiv- 
acaine epidurally. Sensory levels were maintained at or 
below T-7 to minimize the effects of regional anesthesia 
on respiratory function. One completely paraplegic 
patient undergoing placement of a penile prosthesis did 
not receive regional anesthesia. General anesthesia was 
induced with the intravenous administration of thio- 
pental (2-4 mg/kg) and succinylcholine (2 mg/kg), fol- 
lowed by tracheal intubation with an 8-mm_ internal 
diameter tracheal tube. General inhaled anesthesia was 
maintained with a combination of enflurane/air/ 
oxygen. No opiates or further muscle relaxants were 


administered. Patients were permitted to breathe spon-' 


taneously throughout their operation. If epidural anes- 
thesia was used, bupivacaine (5 mg) was administered 
every 20 min throughout the operation to provide 
ongoing analgesia. Inhaled concentrations of enflurane 
ranged from 0.1% to 1.5%. Mean arterial blood pres- 
sure (MAP), heart rate, arterial O, saturation, and 


end-tidal CO, were monitored. A pneumotachograph 


(Fleisch, No. 2, Hewlett-Packard, Fullerton, Calif.) was 
connected between the tracheal tube and breathing 
circuit. An 18F gastric tube with an esophageal balloon 
(Mallinckrodt Anesthesia, St. Louis, Mo.) was inserted 
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into the esophagus. Differential pressure from the 
pneumotachograph was transduced into AC signals 
with a differential pressure transducer (DP 1030871; 
+2.5 cm H,O; Validyne, Northridge, Calif.). The signal 
was converted to DC voltage with a carrier demodula- 
tor (CD19A, Validyne). Pressure signals from proximal 
airway and esophagus were transduced with a low- 
range differential pressure transducer (MP45-871; 
+35 cm H,O; Validyne) and demodulated with a 
CD148-871 carrier demodulator (Validyne). All signals 
were sampled at a rate of 33 Hz with an analogue/digital 
converter (MC-MIO 16, National Instruments, Austin, 
Tex.) installed in one of the expansion slots of an IBM 
PS/2 computer (model 70). 

The volume of air inside the esophageal balloon 
was adjusted from 0.5 to 2.0 mL to maximize inspira- 
tory deflection of esophageal pressure (PEs). The 
appropriate position of the balloon in the esophagus 
was verified with the occlusion test previously de- 
scribed (10). The airway opening was occluded while 
the patient made an inspiratory effort, and position- 
ing was considered adequate when APEs max/APaw 
max > 0.8, where APES max is the maximal change in 
esophageal pressure, and APaw max is the maximal 
change in airway pressure (Paw). 

Patients were randomly assigned in a triple cross- 
over manner to breathe with 5 cm H,O PSV, a 
standard anesthesia circle system, and a demand 
flow circuit. A Siemens anesthesia machine (Servo 
900D, Solna, Sweden) was used to deliver PSV and to 
provide demand flow, and a Drager anesthesia ma- 
chine (Narcomed 111, Telford, Pa.) was used for 
circle system determinations. After patients breathed 
for 15 min with the assigned mode, analysis and 
arterial blood gas sampling were performed. Gas 
tensions, pH, arterial O, saturation, heart rate, MAP, 
and end-tidal CO, were recorded. 

Airway gas flow, Paw, and Pers signals were 
stored in computer hard disk memory for off-line 
analysis of data sampled between the 10th and 15th 
minute of each breathing modality. Waveforms were 
replayed, and ventilatory cycles were identified. A 
ventilatory cycle was defined as the interval between 
two consecutive moments when flow changed from 
<50 mL/s to >50 mL/s (Tror). Starting at the 10th 
minute of each study period, 25 alternate respiratory 
cycles were selected for analysis. Atypical waveforms 
occurring during a cough or sigh were discarded, and 
remaining waveforms were aligned and averaged. 
The averaged flow waveform was used to calculate 
respiratory rate, inspiratory tidal volume (Vt), in- 
spiratory time (Tı), and Tror. The beginning of 
respiration was identified as the time of the minimal 
value of the flow signal during the first 0.45 of the 
signal (T1). Starting at T1, the local maximal vahie of the 
flow integral was sought over 2 s (Figure 1). The time of 
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Figure 1. Scheme of a respiratory cycle flow waveform and the 
integral of flow (tidal volume). 


the last maximal value was considered the inspiration 
endpoint (T2). The interval from T2 until the end of the 
waveform during expiration was searched for (T3); T3 
was the time when flow either passed from a negative 
to a positive value or when a minimum in the flow 
integral was found (whichever occurred first). Inspira- 
tory time was calculated as T2 — T1, and total time cycle 
time as T3 — T1 (Tror). Inspiratory Vr was obtained 
from the integration of gas flow between T1 and T2. To 
calculate change in Prs (APers) for demand valve or 
circle systems, the maximal value of the averaged PEs 
waveform between the beginning of the waveform and 
T1 was considered as baseline PEs; APES was deter- 
‘mined by subtracting baseline PEs from inspiratory PEs 
during T1 until T2. For PSV, the value of the averaged 
Pgs waveform at end expiration was considered as 
baseline Pes; APEs was calculated by subtracting base- 
line Pes from Pes during T1 until T2. Inspiratory WOB 
(W1) (mJ/L) was determined by computer integration of 
the area under the curve (AVT APs) during inspiration. 

Results are summarized as mean + sp. Statistical 
comparisons were made with an analysis of variance 
for repeated measurements within group design. 
When an F-value indicated a significant difference 
between means, a post hoc evaluation was performed 
to identify differences with Scheffé’s test. 


Results 


We studied nine adult male patients aged 62 + 15 yr, 
ASA physical status I-II. Patient characteristics are 


CHRISTIE AND SMITH 169 
PRESSURE SUPPORT VENTILATION 


summarized in Table 1. Operations were relatively 
long. They lasted 3.5 + 1.4 h (Table 2), and patients 
breathed a mixture of enflurane (0.1%—-1.5%) and 
oxygen (Fro, 0.4 + 0.05) balanced with air. Regional 
anesthesia was established before induction of gen- 
eral anesthesia in eight patients, and the ninth pa- 
tient was paraplegic. The dermatomal sensory levels 
achieved ranged from T-10 to T-7. Heart rate, MAP, 
respiratory rate, Vr, pHa, and Pao, were not signif- 
icantly different during study periods (Table 2). End- 
tidal CO, and Paco, were similar with all forms of 
ventilation and at all concentrations of inspired en- 
flurane (Table 2). 

Inspiratory time (Tr) and duty cycle (T1/Tror) were 
less (P < 0.05) with pressure support ventilation than 
with any other modality. Mean Paw was highest 
when patients breathed with PSV than with demand 
flow or the circle system (P < 0.05). End-inspiratory 
Paw was less with demand flow than with PSV or the 
circle system (Table 2). Inspiratory WOB (W1) was 
significantly less during PSV than during demand 
flow or circle system (P < 0.05) (Figure 2). 


Discussion 


The WOB under general anesthesia is increased from 
altered pulmonary mechanics, from the endotracheal 
tube, and from the anesthesia apparatus. Functional 
residual capacity (FRC) in recumbent humans is re- 
duced by approximately 0.5 L with the induction of 
general anesthesia (11). In some patients, FRC may 
decrease below residual volume in the awake state 
(5). The reduction in FRC begins within 30 s after 
induction of anesthesia with thiopental (12), and it 
occurs with the most commonly used anesthetic 
agents and techniques (2). If muscle paralysis is 
induced in recumbent anesthetized subjects, no fur- 
ther reduction in FRC occurs (13). Approximately 
20 min after induction of thiopental anesthesia in 
supine subjects, the pressure-volume (P/V) curve of 
the total respiratory system is shifted, and higher 
inflating pressures are required to inflate the lungs to 
a given volume in the anesthetized state than in the 
awake state (2). During isoflurane anesthesia, the P/V 
curve of the total respiratory system also is shifted to 
the right, but to a lesser degree (12). High P/V work 
appears to reduce ventilatory muscle efficiency (i.e., 
work of ventilation per muscle O, demand) (14). 
Thus, although the mechanisms underlying the re- 
duction in FRC remain unclear, they may be caused 
by atelectasis, increased thoracic or abdominal blood 
volume, increased activity of expiratory or decreased 
activity of inspiratory muscles, trapping of gas distal 
to closed airways, increased elastic recoil of the lungs, 
decreased outward recoil of the chest wall, or a 
combination of these. 
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Table 1. Operation and Anesthetic Technique in Nine Male Patients 


Pt Time 
No. Operation (h) 
1 Transverse colectomy 3,0 
2 Arthroscopy meniscectomy 2.5 
3 Penile prosthesis 2.3 
4 Pyelolithotomy 99 
5 Hemicolectomy 3.3 
6 Teal conduit cystoprostatectomy 6:3 
7 Nephrectomy 4.0 
8 Herniorrhaphy varicocelectomy 2.0 
9 Total knee replacement 3,0 


Table 2. Hemodynamics, Gas Exchange, and Pulmonary 


1992;75:167—71 
Sensory 
Enflurane Regional level 
(%) technique (dermatome) 
0.1-0.5 Epidural T-9 
1.0-2.0 Spinal T-10 
1.2-1.5 None — 
0.2-0.3 Epidural T-9 
1.0-1.5 Spinal T-8 
0.5-0.9 Epidural T-8 
0.5-0.1 Spinal T-7 
0.2-0.4 Spinal T-7 
0.4-0.6 Spinal T-10 


Mechanics While Patients Were Breathing With a Circle 


(Circle) System, Demand Flow (Demand) System, and Pressure Support Ventilation (PSV) 


Variable Circle 
HR (beats/min) 63 +8 
MAP (mm Hg) 82 + 18 
RR (breaths/min) 16 +4 
Vr (mL) 358 + 101 
pHa 7.33 + 0.06 
Paco, (mm Hg) 45+ 4 
Pao, (mm Hg)’ 172 + 43 
Perco, (mm Hg) 39 +5 
Inspiratory time 1.6 + 29 
Duty cycle time 0.39 + 0.04 
End-inspiratory Paw (cm H,O) —0.9 + 0.4 
APaw (cm H,0) 3.8 + 1.5°4 
Mean Paw (cm H,0) 0.44 + 1.0 


Demand PSV 
64+ 8 65 +8 
80 + 19 79 + 14 
16245 152+5 
352 + 90 371 + 102 
7.34 + 0.03 7.35 + 0.04 
44+4 43 +6 
171 + 44 166 + 48 
40 +5 38 +5 
1.8 + 0.4 1.4 + 38° 
0.43 + 0.05 0.34 + 0.05%° 
—2.0 + 1.0°4 —0.5 + 0.6 
7.1+2.0 8.1 + 1.2 
0.08 + 1.4 5.4 + 1.0°° 


HR, heart rate; MAP, mean arterial pressure; RR, respiratory rate; VT, tidal volume; Paw, airway pressure; APaw, change in airway pressure. 


Values are mean + sp. 

"Fro, = 0.4 + 0.05. 

>P < 0.05 versus demand flow system. 
€P < 0.05 versus circle system. 

4P < 0.05 versus PSV. 


The artificial airway may also impose an undesir- 
able P/V workload that contributes to fatigue or 
ventilator/patient asynchrony. Even in a constant-' 
flow laboratory experiment, the resistance of a stan- 
dard size tracheal tube (8.0 mm) exceeds the total 
resistance of the normal respiratory system (15). 
Low-level (5-10 cm H,O) PSV has been advocated to. 
relieve WOB in patients spontaneously breathing: 
through a tracheal tube (9), although recent reports 
suggest that a higher range may be necessary for 
some patients (16). The criticism of this approach is, 
related to concern that elevation in mean airway 
pressure may compromise cardiovascular function in 
susceptible patients. Although a reservoir bag contin-: 
uous gas flow system with properly functioning 
valves imposes only modest increases in inspiratory 
resistance, the anesthesia apparatus may increase 
resistive work if the equipment malfunctions (6).. 
Demand valve systems may also increase inspiratory 


work and they must first detect a preselected drop in. 
airway pressure before flow is initiated (17). 

We evaluated three different types of gas delivery 
systems in anesthetized patients. We found that 
low-level PSV produced several beneficial effects 
on nine spontaneously breathing patients under 
general-regional combination anesthesia. Inspiratory 
time and duty cycle time were less with PSV com- 
pared with demand valve circuit or a circle system, 
suggesting reduced inspiratory load with PSV. In- 
spiratory WOB was significantly decreased with PSV. 
Although mean airway pressure was significantly 
higher with PSV than with other forms, no evidence 
of hyperventilation was seen with PSV. The Paco, 
was similar in all three groups despite quite high 
enflurane concentrations in some of these relatively 
older individuals. Respiratory rate, Pacoz, and VI 
were similar in all three groups, and no deterioration 
in pulmonary function was evident, even in the long 
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Figure 2. Inspiratory work of breathing during general anesthesia 
with a standard circle system (Circle), a demand flow system 
(Demand), and pressure support ventilation (PSV). *P < 0.05 
versus circle and demand systems. 


procedures. No detrimental effects were noted on 
heart rate or MAP when PSV was compared with 
demand valve or circle circuit breathing. 

Anesthetized patients may undergo profound 
changes in pulmonary function and rapidly fluctuat- 
ing hemodynamic status as a result of anesthesia and 
surgical treatment. The utility of some forms of 
intensive care unit ventilatory management, such as 
PSV, have not been firmly established for anesthe- 
tized patients. We demonstrated a decreased WOB 
with PSV in anesthetized patients, consistent with 
that described for PSV in awake patients (9). The 
hemodynamic stability that we observed with PSV 
coupled with the demonstration of decreased WOB 
supports the efficacy of this technique for patients 
under anesthesia. 

In conclusion, we compared inspiratory WOB in 
lightly anesthetized patients while they breathed 
with a conventional circle system, a demand flow 
circuit, or a pressure support system. Our results 
demonstrate partial support of spontaneous breath- 
ing with 5 cm H,O of PSV will decrease inspiratory 
work in spontaneously breathing patients under gen- 
eral anesthesia, without deleterious effects on heart 
rate or arterial blood pressure, despite a modest 
increase in mean airway pressure. We conclude that 
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when spontaneous breathing is desirable in patients 
who require general anesthesia, 5 cm H,O of PSV will 
decrease WOB to a level comparable to an unanes- 
thetized state. 
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Esmolol Is More Effective Than Sodium Nitroprusside in 
Reducing Blood Loss During Orthognathic Surgery 


William S. Blau, PhD, MD, Enid R. Kafer, MD (Sydney), FRACP, FFARCS, and 


Jay A. Anderson, DDS, MD 


Department of Anesthesiology, School of Medicine, University of North Carolina at Chapel Hill, Chapel Hill, 


North Carolina 


The goal of this study was to compare the efficacy 
of esmolol and sodium nitroprusside (SNP) as pri- 
mary drugs for producing controlled hypotension 
and limiting bleed loss during orthognathic surgery. 
Thirty ASA physical status I and H patients (mean 
age 22 yr) undergoing LeFort I maxillary osteotomies 
were randomly assigned to receive either esmolol 
(n = 15) or SNP (n = 15) as the primary drug to 
induce hypotension. All patients received a balanced 
anesthetic technique including isoflurane, with con- 
trolled hypotension during the downfracture of the 
maxilla. Patients assigned to the esmolol treatment 
group received boluses of 500 pg/kg of esmolol, 
followed by a continuous infusion of 100-300 
ug'kg`t-min™t, and the SNP treatment group re- 
ceived a continuous infusion of SNP at 0.25-4.00 
ug-kg~?-min~’; both infusions were titrated to obtain 
a mean arterial blood pressure within the target range 


of 55-65 mm Hg. The mean arterial blood pressure: 


during the hypotensive period was 58.7 + 0.7 (mean 
+ sEM) and 61.8 + 0.4 mm Hg for esmolol and SNP, 
respectively (P < 0.001). In addition, 40% + 4% of the 
observed values in the esmolol group and 53% + 3% 


ing during procedures where surgical hemostasis 
is technically difficult to achieve (e.g., operations 
on the hip, spine, facial bones, vascular tumors, or 
arteriovenous malformations). A mean arterial blood 
pressure (MABP) as low as 50-60 mm Hg appears to 


[occ hypotension is used to help control bleed- 
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in the SNP group were outside the target range for 
mean arterial blood pressure (difference significant 
at P < 0.05), and a greater proportion of the devia- 
tions were above 65 mm Hg in the SNP group than in 
the esmolol group (0.64 vs 0.46, respectively, P < 
0.05). The mean heart rate was 70 + 3 beats/min 
(esmolol) and 100 + 3 beats/min (SNP) (P < 0.001), 
and the mean blood loss was 436 + 65 mL (esmolol) 
and 895 + 101 mL (SNP) (P < 0.001). The surgical 
field was judged to be drier with esmolol than with 
SNP (P < 0.05). Plasma renin activity decreased 
slightly in the esmolol group, whereas in the SNP 
group it increased 267% (P < 0.001). The absence of 
the renin release may have facilitated the stability of 
controlled hypotension with esmolol. The advan- 
tages of esmolol over SNP for controlled hypotension 
during orthognathic surgery include greater con- 
trol of blood pressure, reduction in blood loss, and a 
drier surgical field. These advantages must be 
weighed against the possibility of significant myocar- 
dial depression produced by intense f,-adrenergic 
blockade. 

(Anesth Analg 1992;75:172-8) 


be well tolerated in healthy patients (1). Demon- 
strated benefits of controlled hypotension for orthog- 
nathic surgery include a reduction in blood loss, with 
decreased transfusion requirements and improved 
quality of the surgical field (2,3). 

Various drugs have been used to facilitate the 
induction of controlled hypotension, including gan- 
glionic blockers (trimethaphan), vasodilators (sodium 
nitroprusside, nitroglycerin), the combined a- and 
f-adrenergic antagonist labetalol, and high doses of 
potent inhaled anesthetics. Although no single drug 
is considered ideal, the use of sodium nitroprusside 
(SNP) is well established because of its potency, rapid 
onset, and short duration of effect. Disadvantages 
include reflex tachycardia, rebound hypertension, 
impairment of hypoxic pulmonary vasoconstriction, 
and the potential for cyanide toxicity at high doses 
(4-6). Furthermore, a randomized controlled study of 
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patients undergoing orthognathic surgery failed to 
demonstrate a benefit of SNP-induced hypotension 
(MABP 55-60 mm Hg) when compared with nor- 
motensive controls (MABP 90-100 mm Hg) (7). 

Esmolol is a relatively new £,-selective adrenergic 
blocker with a rapid onset and a half-life of approxi- 
mately 9 min that is used for the treatment of su- 
praventricular tachycardia (8). It is also effective in 
the treatment of perioperative hypertension and to 
minimize -sympathetic autonomic responses to nox- 
ious stimuli (9) with minimal side effects and no 
known toxicity. Recent studies have demonstrated its 
efficacy as an adjunct to SNP (10) and as a primary 
drug for controlled hypotension (11-13). Its use dur- 
ing orthognathic surgery has not been reported, nor 
has its effect on blood loss been compared with that 
of other hypotensive drugs. 

The present study was designed to (a) compare the 
efficacy of esmolol and SNP as primary drugs for 
reducing arterial blood pressure during orthognathic 
surgery; and (b) compare their effects on blood loss, 
duration of surgery, quality of the surgical field, 
hormonal response, and patient outcome. 


Methods 


Over a 10-mo period in 1990 we studied 30 ASA 
physical status I and II patients undergoing LeFort I 
maxillary osteotomies (usually in combination with 
mandibular osteotomies) who were randomly as- 
signed to receive either esmolol or SNP as the pri- 
mary drug for inducing hypotension. Given the 
known benefits of controlled hypotension (2,3), we 
chose not to include a normotensive control group so 
as to avoid subjecting those patients to the risks of 
unnecessarily high blood loss and the potential need 
for homologous blood transfusion. The experimental 
protocol was approved by our Institutional Review 
Board, and informed consent was obtained from each 
patient by one of the investigators during the prean- 
esthetic evaluation. Exclusion criteria included any 
significant systemic illness (including hypertension, 
history of reactive airways, and central nervous sys- 
tem, cardiac, or renal disorders); age <14 or >40 yr; 
patient refusal to participate; or in one case, extensive 
anatomic abnormalities that rendered the procedure 
unusually long and difficult (patient was excluded 
after preoperative discussion with the surgical team). 

All patients received routine intraoperative moni- 
toring. In addition, a 20-gauge cannula was placed in 
a radial artery for continuous arterial blood pressure 
monitoring and serial blood gas and hemoglobin 
determinations, and a uri catheter was used to 
quantify urine output as a guide to fluid manage- 
ment. 


All patients were admitted on the day of surgery and 
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received no premedication. Midazolam (0.05 mg/kg IV) 
was administered for sedation. After baseline systolic 
blood pressure was recorded (mean of three automatic 
oscillometric measurements), crystalloid (7 mL/kg), thi- 
opental (3-5 mg/kg IV), and fentanyl (total 5 ug/kg IV 
by the time of incision) were administered. Vecuro- 
nium (0.1 mg/kg IV) was administered to facilitate 
nasotracheal intubation with a cuffed endotracheal 
tube, and neuromuscular blockade was maintained 
with subsequent incremental doses based on the train- 
of-four twitch response. Ventilation was adjusted to an 
arterial CO, tension (Paco) of 40 + 2 mm Hg. Anes- 
thesia was maintained with isoflurane and 65% nitrous 
oxide in oxygen, and intravenous fluids were titrated to 
maintain a urine output of 0.5-1.0 mL-kg~*-h™. A few 
patients received a small supplemental dose of fentanyl 
or an intramuscular injection of ketorolac (60 mg) at the 
discretion of the anesthesiologist just before emer- 
gence. All but three patients had the endotracheal tube 
removed in the operating room. 

Controlled hypotension was used only during the 
maxillary osteotomy, with the patient in a 15° reverse 
Trendelenberg position. In all cases, the surgeons 
infiltrated the submucosal tissues with 1:100,000 epi- 
nephrine to minimize blood loss. Utilizing one of two 
randomly assigned treatments, MABP was decreased 
to 75 mm Hg during incision of the maxillary mucosa 
and was further decreased to 55-65 mm Hg during 
downfracture of the maxilla until closure of the max- 
illary mucosa was begun. Patients in the esmolol 
treatment group received bolus doses of 500 ug/kg 
of esmolol until MABP was brought within the 
target range, after which a continuous infusion of 
100-300 yg-kg~'-min~* was titrated to maintain hy- 
potension. Patients assigned to the SNP treatment 
group received a continuous infusion of SNP, begin- 
ning at 0.25 ug-kg~!-min™’ and titrated to maintain 
MABP within the target range until the end of the 
hypotensive period. In both groups, isoflurane up to 
2.0% was used to assist in the initiation of hypoten- 
sion and was maintained at 1.0% throughout the 
hypotensive period. 

Hemodynamic data for each patient were transmit- 
ted automatically from the operating room monitor to 
a computer data base (Hewlett Packard Vectra Care- 
View software program) and were subsequently tab- 
ulated by 2-min intervals and analyzed for hemody- 
namic trend and variability during the hypotensive 
period. Blood loss was estimated by an observer 
unaware of the experimental treatment and was 
based on carefully measured volumes of irrigation 
solution and fluid/blood aspirated from the surgical 
field. Direct inspection revealed minimal additional 
blood on surgical sponges, drapes, or gowns. At the 
end of the procedure, the quality of the surgical field 
was rated by the attending surgeon, who was also 
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unaware of the experimental treatment, using a six- 
point scale (0 = no bleeding, virtually bloodless field; 5 
= massive uncontrolled bleeding) (7). Arterial blood 
gas samples were obtained at intervals during the 
procedure to verify the adequacy of ventilation. The 
calculated base deficit was followed as a marker for 
adequacy of perfusion and for cyanide toxicity. For a 
subsample of 10 patients in each treatment group, 
blood was collected at induction and at the end of the 
hypotensive period for analysis of plasma renin activity 
(PRA). The PRA analysis was performed by a radioim- 
munoassay technique (14) (SmithKline Beecham Clini- 
cal Laboratories, Ltd., Atlanta, Ga.). Blood samples 
were obtained from all patients at the time of the 
preoperative evaluation and on the day of discharge for 
determination of hematocrit and serum creatinine. 
Student's t-test (unpaired) or repeated measures 


analysis of variance was used for analysis of paramet- 


ric data (Statistical Analysis Systems, Cary, N.C.). 
The Wilcoxon rank-sum test was performed on ordi- 
nal data or where distributions were clearly not 
normal. Because distributions of heart rate and 
MABP for individual patients (i.e., “within” patients) 


during the hypotensive period were skewed, median ` 


values were used to represent the overall trend for 
each patient. The distribution of median values for 
heart rate and MABP among patients was not 
skewed, so comparisons among patients were per- 
formed with t-tests, and the data comparing treat- 
ment groups are presented as mean values + sE. A 
probability of type I error of =5% (P = 0.05) was used 
as the criterion for statistical significance. 


Results 


Analysis of the patient population and the surgical 
procedures performed revealed no apparent differ- 
ences that could lead to statistical bias between the 


treatment groups (Table 1), and controlled hypoten- | 


sion within the desired range was rapidly and suc- 
cessfully obtained with either esmolol or SNP at low 
to moderate infusion rates (Table 2). Although MABP 
decreased within the target range for both groups, 
the value obtained was slightly higher in the SNP 
group. There was considerable hemodynamic vari- 
ability during the hypotensive period, with the most 
frequently observed MABPs occurring near the lower 
portion of the target range for patients receiving 
esmolol and near the higher portion of the target 
range for patients receiving SNP (Figure 1). There 
was relatively less hemodynamic variability in pa- 
tients receiving esmolol, with fewer observed MABPs 
occurring outside the target range, and those occur- 
ring outside tended to be lower rather than higher 
(Table 2). As anticipated, heart rate was significantly 
lower in the esmolol group than in the SNP group. 
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Table 1. Characteristics of 30 Patients Undergoing LeFort I 
Maxillary Osteotomies 


Sodium 
nitroprusside 
Esmolol group group 
(n = 15) (n = 15) 
Patients 
Women (n) 10 11 
Age (yrf 22 22 
(14-37) (15-40) 
Weight (kg)* 64 63 
(47-82) (48-100) 
Baseline systolic blood 123 123 
pressure (mm Hg)*” (101-148) (110-135) 
Procedure 
LeFort I 
No. of maxillary cuts (1) 
1 8 12 
2 4 1 
3 3 2 
+mandibular osteotomy (7) 11 i 
+other procedure (nj 3 6 
Technical difficulty? 
Easy (n) 2 4 
Moderate (n) 7 7 
Difficult (7) 6 4 


“Mean value (range). 

Baseline systolic blood pressure obtained after intravenous sedation and 
before induction of anesthesia. 

“Genioplasty, bone harvest, etc. 

“Ag rated by the attending surgeon. 


Table 2. Doses and Hemodynamic Effects of Drugs Used 


for Controlled Hypotension in the Two Study Groups 


Sodium 
Esmolol nitroprusside Statistical 
group group significance’ 
Infusion rate 160 1.75 
(ug'kg` iminy (100-300) (0.25--4.0) 
Total dose (mg) 1072 + 99 10.5 + 1.9 
Delay in onset of S71 3.1 + 0.9 NS 
hypotension (min) 
MABP (mm Hg) 58.7 + 0.7 61.8 + 0.4 P < 0.001 
MABP outside 40 + 4 53 + 3 P < 0.05 
target range (%)° 
Proportion of high 0.46 + 0.08 0.64 + 0.03 P < 0.05 
deviations 
Heart rate 7043 100 + 3 P < 0.001 
(beats/min) 


NS, not significant; MABP, mean arterial blood pressure. 
Results are mean values + se unless otherwise indicated. 
“Median (range). 

For treatment effect, esmolol vs nitroprusside (Student's t-test). 
‘Target range, MABP 55-65 mm Hg. 


There was no significant difference in the duration 
of surgery or the duration of hypotension between 
the treatment groups (Table 3). The surgeons gener- 
ally rated bleeding as mild to moderate, and the field 
was rated drier in the esmolol group (P < 0.05). 
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Figure 1. Average frequency distributions for mean arterial blood 
pressure (MABP) in patients receiving esmolol (ESM) or sodium 
nitroprusside (SNP) for controlled hypotension. Target range for 
MABP was 55-65 mm Hg. 


Table 3. Duration of Surgery, Quality of the Surgical 
Field, and Blood Loss in the Two Study Groups 


Sodium. 
Esmolol nitroprusside Statistical 
group group significance” 
Duration of surgery 2314+25 215+ 15 NS 
(min) 
Duration of hypotension 95 +7 95 +9 NS 
(min) 
Surgical field rating“ 1 2 P < 0.05° 
(1-2.5) (0-4) 
Estimated blood loss 
(mL) 
During hypotension 304 + 48 650 + 110 P < 0.01 
Total 436 + 65 895 + 101 P < 0.001 


NS, not significant. 

Results are mean values + sg unless otherwise iridicated. 

“Median (range); rating scale is 0-5, where 0 = no bleeding, virtually 
bloodless field, and 5 = massive uncontrollable bleeding (Reference 7). 

*For treatment effect, esmolol vs nitroprusside (Student’s test). 

‘Wilcoxon two-sample test. 


Furthermore, total measured blood loss in the es- 
molol group was 49% of that in the SNP group (436 vs 
895 mL, respectively; P < 0.001). To determine 
whether this difference was related to the degree of 
hemodynamic variation during hypotension, we ex- 
amined the relationship between blood loss during 
hypotension and the frequency with which MABP 
was above the target range in patients receiving SNP 
(Figure 2), There was no increase in blood loss with 
increased frequency of high blood pressure. 

The effect of controlled hypotension on PRA is 
illustrated in Figure 3. The PRA decreased slightly 
during hypotension in the esmolol treatment group 
and increased 267% in the SNP treatment group. 

Perioperative changes in plasma acid-base balance 
are illustrated in Figure 4. Although there was a trend 
toward development of a mild base deficit during the 
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Figure 2. Scatter plot of measured blood loss during ee 
as a function of the frequency of high arterial blood pressures 
(percent observed mean arterial blood pressure [MABP] for each 
patient occurring above the target range of 55-65 mm Hg). One 
patient was eliminated because the hemodynamic data were acci- 
dentally lost, and an additional outlying data point (12% x 
1900 mL, open circle) was excluded from the least-squares regres- 
sion analysis. NS, not significant. 


P<0.001 
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Figure 3. Change in plasma renin activity during controlled hypo- 
tension for patients receiving esmolol (ESM) or sodium nitroprus- 
side (SNP). Data are mean values + sem for blood samples at 
baseline (after induction but before the onset of hypotension) and 
at the end of the hypotensive period. The difference in response 
between treatments is highly significant (P < 0.001 for interaction 
effect, repeated measures analysis of variance). 
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operative period, there were no significant differ- 
ences between treatment groups. A number of pa- 
tient outcomes were also examined to detect any side 
effects or differences in safety between the two treat- 
ment groups (Table 4). We failed to detect any differ- 
ences, with the exception of a slight but significant 
reduction in serum creatinine in: the SNP group. 
There were no postoperative complications in either 
group, and all patients were discharged between the 
first and third postoperative days. 


Discussion 


We have demonstrated that esmolol is as effective as 
SNP in reducing arterial blood presstre for controlled 
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Figure 4. Perioperative base deficits for patients receiving esmolol 
(ESM) or sodium nitroprusside (SNP) for controlled hypotension, 
as determined by arterial blood gas analysis. Data are mean values 
+ seM. Samples were collected after induction but before onset of 
hypotension (baseline), after 30 min of controlled hypotension, at 
the end of the hypotensive period before arterial blood pressure 
was allowed to rise, and on arrival in the postanesthetic care unit 
(PACU). The change in the deficit over time is significant (P < 
0.001), but there is no difference between treatment groups (re- 
peated measures analysis of variance). 


-4 POST 
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hypotension during orthognathic surgery. This 
finding is consistent with the results of previous 
studies involving other types of surgery (11~13,15). 
Esmolol lowers arterial blood pressure through a 
decrease in cardiac output secondary to the negative 
chronotropic and inotropic effects of 8,-adrenergic 
antagonism (12,13,16). In addition, it may produce 
direct myocardial depression at very high doses (e.g., 
>500 ug-kg~*-min~’) (8). Esmolol provided a more 
stable course of controlled hypotension than did 
SNP, with a slightly lower MABP and fewer devia- 
tions from the target arterial blood pressure range. 
Hemodynamic stability in this case may result from 
the inhibition of autonomically mediated secretion of 
renin (10,13,17) and the attenuation of other compen- 
satory hormonal responses known to occur during 
controlled hypotension with SNP or isoflurane 
(10,18-20); B,-adrenergic blockade will also prevent 
reflex autonomic increases in heart rate in response to 
the vasodilation produced by isoflurane. 

Our results demonstrated a considerable degree of 
hemodynamic variability during controlled hypoten- 
sion, but there are no other published data on arterial 
blood pressure variation within patients with which 
to draw any comparison. Factors limiting the preci- 
sion of arterial blood pressure control are likely to 
include minute-by-minute variations in the degree of 
surgical stimulation and of intravascular volume sta- 
tus and lag times in the pharmacologic response to 
alterations in arterial blood pressure. 

Direct comparison of blood loss among studies is 
difficult because of differences in surgical duration, 
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technique, and the timing of controlled hypotension. 
Nevertheless, the total blood loss in our SNP group 
(895 mL) was similar to that reported by Fromme et al. 
(7) for patients undergoing similar procedures with 
SNP-induced hypotension (828 mL) or without con- 
trolled hypotension (965 mL) and to that reported by 
Lessard et al. (2) for their normotensive control group 
(755 mL). In contrast, blood loss in our esmolol group 
was comparable to that reported for other hypotensive 
techniques in orthognathic surgery (mean of 454 mL 
with isoflurane alone; 399 mL with labetalol; 439 mL 
with nitroglycerin) (2,21,22). One possible reason for 
increased blood loss with SNP could be the greater 
hemodynamic instability with this drug, leading to a 
higher frequency of high arterial blood pressures; how- 
ever, closer examination of our data for patients receiv- 
ing SNP revealed no correlation between blood loss and 
the proportion of observed MABPs above the desired 
range (Figure 2). Another possible explanation for in- 
creased bleeding could be the larger cardiac output with 
SNP, although there is evidence that blood loss during 
hypotension is not dependent on cardiac output (23). 
Lessard et al. (2) suggest that different techniques for 
inducing hypotension may have different effects on the 
vascular beds involved in maxillary osteotomies. Per- 
haps SNP selectively dilates these beds. The adverse 
effect of SNP on platelet function and bleeding time (24) 
may also compromise hemostasis during surgery. 

The differences in blood loss between the treat- 
ment groups would suggest that the drop in postop- 
erative hematocrit should be greater for patients who 
received SNP. This was observed (Table 4), although 
the difference between the treatment groups only 
approached significance (P = 0.066). The transfusion 
practices for patients in this study may have tended 
to obscure differences in postoperative hematocrit. 
All patients had deposited autologous blood preoper- 
atively. Owing to the perceived safety of reinfusion of 
autologous blood, the oral surgeons did not use 
uniform criteria for postoperative transfusion; in- 
deed, many patients received transfusion postopera- 
tively before documentation of the postoperative he- 
moglobin concentration. It is reasonable to expect 
that a reduction of 50% in blood loss, as demon- 
strated with esmolol, would reduce the incidence of 
transfusion if the latter were guided by more strin- 
gent criteria based on hemoglobin concentration. 
This would improve patient safety, as even the rein- 
fusion of autologous blood is not without risk (25). 

Esmolol has a brief duration of action, promotes 
hemodynamic stability, and produces beneficial ef- 
fects in the surgical field and in blood conservation. 
For these reasons, it may be preferred as a primary 
drug for inducing hypotension in healthy patients 
undergoing orthognathic surgery. In the present 
study, no apparent adverse side effects occurred 
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Table 4. Patient Outcomes in the Two Study Groups 
Sodium 
Esmolol nitroprusside Statistical 
group group significance” 

Intraoperative 

Total fluid (mL) 3277 + 213 3577 + 266 NS 

Urine output (mL) 340 + 58 403 + 64 NS 

No. of Pts extubated in OR/total 12/15 1515 NS* 
Postanesthesia care unit 

Admission score* 8 (7-9) 9 (7-9) NS? 

Time to discharge (min) 122 +7 130 +9 NS 

SABP on admission (mm Hg > baseline) 8+ 3 15 + 4 NS 

Total fluid (mL) 269 + 53 327 + 42 NS 

Urine output (mL) 145 + 45 183 + 47 NS 
Postoperative 

Change in creatinine from preop (mg/dL) —0.08 + 0.02 —0.18 + 0.3 P < 0.05 

Change in hematocrit from preop =6.6 2.152 —10.0 + 1.3 NS 

No. of Fts transfused/total 8/14 9/15 NS* 

Day of discharge (postop) 2.1 + 0.2 2.0 + 0.2 NS 


NS, not significant OR, operating room; Pts, patients; SABP, systolic arterial blood pressure. 


Results are mean values + sg unless otherwise indicated. 
“Median (range). l 
For treatment effect, esmolol vs nitroprusside (Student's t-test). 
‘Fisher's exact test. 

“Wilcoxon two-sample test. 


when esmolol was used to lower MABP to 55-65 mm 
Hg for up to 165 min in healthy patients. Caution is 
indicated, however, as profound myocardial depres- 
sion may result from its use (13). There is some 
preliminary evidence that esmolol infusion at rates 
>200 pg-kg~!-min~’ may be deleterious to total body 
oxygen balance (26), although the same may also be 
true for therapeutic doses of SNP (27). Nevertheless, 
the most significant risks are probably those shared 
by all hypotensive techniques, and with proper pa- 
tient selection and vigilant monitoring, esmolol can 
be used safely. Based on our results and a review of 
the literature, we make the following recommenda- 
tions for minimizing blood loss and optimizing safety 
during orthognathic surgery: (a) esmolol may be used 
as a primary hypotensive drug in healthy patients; 
(b) the degree of hypotension should be titrated to 
observed blood loss (extremes of hypotension may 
not be required); (c) when using esmolol alone to 
produce hypotension as low as 60 mm Hg, cardiac 
output should be monitored; and (d) esmolol should 
be used in combination with other hypotensive drugs 
to limit the doses required. 


We thank Dr. Robert Valley for commenting on the manuscript. 
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Long-Term Hypotensive Technique With Nicardipine and 
Nitroprusside During Isoflurane Anesthesia for 


Spinal Surgery 


Jean-Marc Bernard, MD, Norbert Passuti, MD, PhD, and Michel Pinaud, MD, PhD 
Département d’Anesthésie-Réanimation Chirurgicale, Hôtel Dieu, and Clinique d’Orthopédie, Hôpital Saint-Jacques, 


Nantes, France 


Short-term infusion of nicardipine can be used to 
induce deliberate hypotension but may result in 
plasma drug accumulation. To assess long-term 
nicardipine administration for deliberate hypotension 
in 10 patients in a moderately hemodiluted state who 
were undergoing spinal surgery, hemodynamics and 
plasma nicardipine concentrations were concomi- 
tantly measured before and 20, 80, and 140 min after 
starting nicardipine, at drug discontinuation, and 20 
and 80 min later. A dose of 6.2 + 0.9 mg (mean + 
SEM) of nicardipine was initially required to obtain 
mean arterial blood pressures at 55-60 mm Hg. Main- 
tenance doses of nicardipine were 3-5 mg/h. The 
duration of nicardipine administration was 270 + 
20 min (mean + SEM). Hypotension was associated 
with decreased systemic and pulmonary vascular 
resistances, increased cardiac index, and decreased 


plasty, 4-12 mg/t of intravenous nicardipine, a 

dihydropyridine calcium channel blocker, can be 
used to cause deliberate hypotension (1). The delayed 
return to a normal arterial blood pressure after 
nicardipine discontinuation (mean time >60 min) 
was due to plasma nicardipine accumulation (i.e., 
mean concentration >200 ng/mL) despite relatively 
short-term administration (1). This accumulation may 
be of concern if a rapid return to normal arterial blood 
pressure is desirable. The use of nicardipine to induce 
deliberate hypotension under anesthesia is thus 
questionable, especially during long-term administra- 
tion. Despite this, and given the risk of cyanide 


I: elderly patients undergoing total hip arthro- 
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arteriovenous difference in O, contents. Only two 
patients required homologous blood transfusion. 
Plasma nicardipine concentrations peaked at 110 + 
21 ng/mL (mean + sEM) and then decreased to 38 + 
11 ng/mL (mean + sEM) without changes in arterial 
blood pressure. After vasodilator discontinuation, 
hypotension was observed during a mean time of 
43 min (range 27-88 min) despite plasma concentra- 
tions <20 ng/mL. No relationship was found between 
plasma nicardipine concentrations and hemodynam- 
ics. These findings suggest that an increasing effect of 
nicardipine over time may occur during prolonged 
administration. Because the reasons for this hystere- 
sis remain unclear, use of nicardipine infusion during 
major surgery and anesthesia requires particular cau- 
tion. 

(Anesth Analg 1992;75:179-85) 


toxicity of nitroprusside (2), it is during long-term 
hypotensive techniques that an alternative to nitro- 
prusside may be of particular value. 

This current study was designed to compare long- 
term nicardipine- and nitroprusside-induced hypo- 
tension. Plasma nicardipine concentrations were 
determined concomitantly with hemodynamic mea- 
surements in all patients. Isoflurane anesthesia was 
selected because it is widely used for inhaled hy- 
potensive anesthesia, and its effect on hemodynamic 
properties and disposition of dihydropyridine cal- 
cium channel blockers is well documented (3-5). 


Methods 


This study was approved by our Human Investiga- 
tion Committee. After informed consent was ob- 
tained, 20 ASA physical status I and II patients (12 
men, 8 women) were studied. They underwent ex- 
tensive posterior thoracolumbar spinal fusion for 
idiopathic scoliosis. Patients were excluded from the 
study if they had a history of coronary artery disease, 
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congestive heart failure, hypertension (i.e., arterial 


blood pressure >140/95 mm Hg), or hepatic or renal 


insufficiency. Correction of scoliosis was obtained in- 
all patients by means of Cotrel Dubousset instrumen- ' 


tation with bilateral rods through variable vertebral 
hooks and corticocancellous bone grafts taken from 
the iliac crest. All operations were performed by one 
surgeon using the same technique. Patients were 
positioned prone on a specially designed form mat- 
tress in which a hole had been cut to allow the entire 
abdomen to hang free of the table. 

Monitoring included a DII and V; electrocardio- 
gram lead (Sirecust 960, Siemens), an indwelling 
radial artery catheter, and a fiberoptic pulmonary 
artery thermodilution catheter (Opticath Oximetrix, 
Abbott). Anesthetic technique consisted of oral pre- 
medication with diazepam (10 or 15 mg according to 
body weight: <70 or >70 kg). Induction of anesthesia 
was performed with thiopental (5 mg/kg IV) and 


alfentanil (50 ug/kg IV), followed by vecuronium. 


bromide (0.1 mg/kg IV) to facilitate tracheal intuba- 
tion. No atropine was administered. Lungs were 
mechanically ventilated with an isoflurane-O,-N,O 
mixture (inspired oxygen concentration [Fro], 0.5). 
Ventilation was adjusted to maintain end-tidal CO, 
partial pressure between 32 and 40 mm Hg, with a 
respiratory rate of 16 breaths/min and an I/E ratio of 
1:2. Isoflurane was adjusted to maintain a steady 
end-tidal concentration equal to 0.6 vol% throughout 
the procedure, except for a wake-up test just after 
distraction of the spine. End-tidal concentration was 
measured by an infrared analyzer calibrated with a 
known standard. Alfentanil was continuously in- 
fused at a dose of 0.5 ug'kg `t- min™* from the start of 
anesthetic induction until the first rod was posi- 
tioned. Isoflurane was discontinued just after skin 
closure. 

At surgical incision, nicardipine (20 mg in 40 mL 
of 5% dextrose) or nitroprusside (concentration 
100 mg/L) was infused at random through a Teflon 
antecubital cannula used only for this purpose. In the 
nitroprusside group (n = 10), infusion was initiated 
at 1 ug-kg™*-min™’ and increased every 1 min by 
0.5 ug'kg`t-min™! until either mean arterial blood 
pressure (MAP) was reduced to 55-60 mm Hg ora 
dose of 10 ug-kg~’-min™* was reached. In the nicar- 
dipine group (n = 10), according to the results of the 
Lambert et al. study (6), the infusion was started at a 
rate of 10 wg-kg~*-min7' and continued until MAP 
was at a level of 55-60 mm Hg, at which time it was 
decreased to 1 yg-kg~'-min™*. For each vasodilator, 
the infusion rate was modulated according to the 
arterial blood pressure response, and a maintenance 
dose was administered to stabilize MAP at 55- 
60 mm Hg until muscle and skin closure were started. 
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The surgeon was unaware of the type of vasodilator 
used. 

During the surgical procedure, a polygeline (Plas- 
mion) was infused to establish an initial hemodiluted 
state. Polygeline is an oncotically active gelatin with a 
molecular weight between 30,000 and 40,000 and an 
effective half-life of 4-6 h. Hematocrit was maintained 
in the 26%-30% range until skin closure by red blood 
cells. Autologous red blood cells were obtained from 
the patient before surgery (1 U/wk for 1 mo) and 
stored in the conventional way. During the opera- 
tion, autotransfusion was performed by aspiration of 
blood from the operation site. The same blood was 
filtered, washed, and reinfused (Autotrans BT 795/P, 
Dideco). Blood loss was assessed by weighing 
sponges, measuring suction drainage, and estimating 
the amount of blood in the area of the wound. 

Heart rate, systolic and diastolic arterial pressure, 
right atrial pressure, systolic and diastolic pulmonary 
arterial pressure, pulmonary capillary wedge pres- 
sure, cardiac output (iced injectate in triplicate), and 
O, saturation of mixed venous blood (SVo,), as well 
as arterial O, tension (Po,), arterial CO, tension 
(Pco.), pH, O, saturation (So,), and hemoglobin in 
arterial and mixed venous blood, were measured at 
the following times: at baseline before hypotension; 
20, 80, and 140 min after starting nicardipine and 
nitroprusside; at the end of hypotension (vasodilator 
discontinuation); and 20 min later. All data were 
measured in patients in the prone position during 
stable isoflurane anesthesia (end-tidal concentration 
0.6%). A final measurement was performed 80 min 
after vasodilator discontinuation when isoflurane 
was discontinued and therefore not detectable by the 
infrared analyzer. At each time, arterial blood sam- 
ples were drawn for determination of plasma nicar- 
dipine concentrations (Sandoz Laboratory, France) by 
gas chromatography using an electron capture detec- 
tor (7). The interday reproducibility was equal to 
11.8% at 5 ng/mL and 6.8% at 75 ng/mL. The re- 
sponse was linear, at least between 0 and 200 ng/mL. 
The limit of quantification was 0.5 ng/mL. The elec- 
trocardiogram lead and SVo, were continuously re- 
corded. Derived values, such as MAP, mean pulmo- 
nary arterial pressure (MPAP), cardiac index (CI), 
systemic vascular resistance index (SVRI), pulmonary 
vascular resistance index, arteriovenous difference in 
©, contents, O, consumption index, O, extraction 
ratio, and intrapulmonary shunt fraction were com- 
puted according to standard formulas (8,9). 

Comparisons were made by analysis of variance 
for repeated measurements when the two factors 
were treatment (nicardipine and nitroprusside) and 
time. When F-statistic was significant, multiple com- 
parisons within and between groups were performed 
after Bonferroni corrections. Unpaired t-tests were 
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Table 1. Clinical Characteristics and Procedural Summary 
for 20 Patients Undergoing Spinal Surgerv 


Nicardipine Nitroprusside 


P group 
(n = 10) (n = 10) 
Age (yr) 32 +3 2744 
Gender (F/M) (n) 6/4 6/4 
Weight (kg) 58 + 3 S22 
No. of vertebrae fused 13.9 + 1.4 13.9 + 0.8 
Duration of vasodilator 270 + 20 230 + 14 
. administration (min) 
Blood loss (mL) 
Sponges 1540 + 160 1790 + 450 
suction 3580 + 350 4380 + 960 
Cumulative red blood cells (mL) 1920 + 250 2580 + 610 
Cumulative polygeline (mL) 3130 + 390 3310 + 580 
Patients receiving autologous 
blood (n) 
Only from aspiration 2 1 
From aspiration and bank 6 6 
Patients receiving homologous 2 3 
blood (n) 


F, female; M, male. 
Results are expressed as mean + sHM. There were no significant 
differences between groups ` 


used to compare demographic data, duration of vaso- 
dilator administration, blood loss, cumulative red 
blood cells, and polygeline. One-way analysis of 
variance, followed by a Newman-Keuls test was used 
for maintenance nicardipine and nitroprusside infu- 
sion rates and for plasma nicardipine concentration. 
To assess the relationship between hemodynamic 
changes and plasma nicardipine concentration, data 
were fitted to a linear model; œ was set at a level of 
0.05. Data are presented as mean + SEM. 


Results 


No differences were observed between groups with 
respect to age, sex, weight, and duration of vasodi- 
lator administration. Blood loss, cumulative amounts 
of red blood cells, and polygeline were not signifi- 
cantly different between groups (Table 1). 

The desired level of hypotension was obtained in a 
mean time of 9 min (range 7-13 min) in the nitroprus- 
side group and 11 min (range 5-17 min) in the 
nicardipine group. No patients were eliminated from 
the study for exceeding the nitroprusside dose limi- 
tations discussed earlier. Nicardipine (6.2 + 0.9 mg) 
was initially required to decrease MAP to 55- 
60 mm Hg. Hypotension was then maintained at this 
level with a significantly decreasing infusion rate in 
the nicardipine group and a stable infusion rate in the 
nitroprusside group (Table 2). Cumulative doses of 
nicardipine and nitroprusside were, respectively, 18 
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+ 2 and 45 + 10 mg. All patients received a dose of 
nitroprusside <1.5 mg/kg. 

In both groups, hypotension was associated with 
decreased systemic and pulmonary vascular resis- 
tances, increased Cl, and decreased arteriovenous 
difference in O, contents and pH, but no changes in 
heart rate, MPAP, pulmonary capillary wedge pres- 
sure, O, consumption index, O, extraction ratio, and 
intrapulmonary shunt fraction (Tables 3 and 4). 
Twenty minutes after drug discontinuation, MAP 
remained less than baseline values in the nicardipine 
group, whereas MAP reached baseline values in the 
nitroprusside group. At this time, SVRI remained 
lower and CI higher than baseline values in both 
groups, but MAP and oxygen extraction ratio were 
less in the nicardipine group than in the nitroprus- 
side group. The MAP reached its baseline value in a 
mean time of 43 min after nicardipine discontinuation 
(range 27-88 min). Twenty minutes after nitroprus- 
side discontinuation, right atrial pressure increased 
significantly. An increase in MAP, MPAP, CI, O, 
consumption index, and arteriovenous difference in 
O, contents was observed in both groups 80 min after 
drug discontinuation. The SVRI remained lower than 
baseline values in the nicardipine group, and MAP 
and SVRI were lower in this group than in the 
nitroprusside group at this final measurement. 

In one patient, induction of hypotension with 
nitroprusside resulted in too large a decrease in 
arterial blood pressure, associated with decreases in 
MPAP, pulmonary capillary wedge pressure, CI, and 
Sto, <50%. These variables were corrected by ad- 
ministering polygeline. No episodes of S¥V0O, <50% 
attributable to the hypotension technique were re- 
corded in the nicardipine group. No changes in 
electrocardiographic recording were observed in ei- 
ther group. Apparently, no patients suffered from 
short- or long-term adverse effects due to hypoten- 
sion. All wake-up tests were normal. There was no 
clinically evident central or spinal nervous system 
impairment in any of our patients. 

Plasma nicardipine concentrations decreased sig- 
nificantly during infusion (Figure 1). There were no 
differences between the measurement obtained at 
nicardipine discontinuation and those obtained 20 
and 80 min later. No correlations were found be- 
tween concentrations and hemodynamics. 


Discussion 

The effectiveness of inducing deliberate hypotension 
to reduce blood loss and improve visibility in the 
operative field during spinal surgery for scoliosis is 
well established (10,11). This technique, coupled with 


autotransfusion, can eliminate the need for homolo- 
gous blood transfusion with its attendant concerns 
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Table 2. Infusion Rates (ugkg™ 'min~*) of Nitroprusside and Nicardipine During and at the End of Administration 


During infusion 
Study group 20 min 80 min 140 min Infusion end 
SNP 4.1 +0.9 4.0 + 0.85 3.9 + 0.8 3.0 + 0.8 
NIC 0.93 + 0.07 0.9% + 0.07 0.83 + 0.06 0.53 + 0.13* 
SNP, nitroprusside; NIC, nicardipine. 
Results are as mean + SEM. 
P < 0.05 versus data at 20 min. 
Table 3. Hemodynamic Variables Before, During, and After Nitroprusside and Nicardipine Administration 
Study Before During infusion Infusion After infusion 
group infusion 20 min 80 min 140 min end 20 min 80 min 
MAP (mm Hg) SNP 79 +3 57 a 56 + 1f 55:1" 67 1" 73 + 4 96 + 5% 
NIC 68 +1 59 + 1" 58 +1 5542 572 60 +2 79+ 4 
HR (beats/min) SNP 85 +7 89 + 8 95 +7 91 +7 91 +7 89 + 7 93 + 7 
NIC 7123S 83 + 6 77-2 3 80 + 5 82+ 5 83 +5 90 £7 
CI (L'min™ tm?) SNP 2.7+0.1 3.6 + 0.2" 3.6 + 0.3" 3.6 + 0.24 3.2 + 0.2" 3.0+0.1 36+ 0.2 
NIC 2.5 + 0.1 3.6 + 0.3" 3.6 + 0.2 3.4 + 0.1° 3.4 + 0,3" 3540F 4107F 
RAP (mm Hg) SNP 4+] 4+1 4+1 541 521 sea ig Sai 
NIC J+] 4+1 3+1 3+1 JEI Se 4+1 
MPAP (mm Hg) SNP 13+1 Bal 2i Pepi 1341 l 17 +7 
NIC 12 +1 14 +1 12 +1 2+1 13 1 131 16 + 1° 
PCWP (mm Hg) SNP 541 5I 51 6+1 SEI 7l 51 
NIC wel SEI sen oe! TE SE 3l 
SVRI (dynescem™*m?) SNP 2247 +109 1214 +64" 1191 +95 1188 +90 1360+87 1801+9% 2031+ 83 
NIC 2136 +118 1308 + 126" 1260481" 1249 +73" 13524131" 1370 +94" 1518 + 108“? 
PVRI (dynescm~*m?®) SNP 229 + 21 164 + 14" 160 + 17° 152 + 14° 185 + 14 243 + 18 268 + 37 
: NIC 231 + 16 195: 22" 178 + 24" 176 + 14* 202 + 14 197 +17 226+ 19 


MAP, mean arterial blood pressure; HR, heart rate; CI, cardiac index; RAP, right atrial pressure; MPAP, mean pulmonary arterial pressure; PCWP, 
pulmonary capillary wedge pressure; SVRI, systemic vascular resistance index; PVRI, pulmonary vascular resistance index; NIC, nicardipine; SNP, 


nitroprusside. 
Results are expressed as mean + SEM. 
“P < 0.05 versus before infusion. 
tP < 0.05 versus nitroprusside. 


(12). Most often, hypotension is induced by a potent 
vasoactive agent with predictable, short-lived, and 
easily reversible effects. For these reasons, sodium 
nitroprusside remains very desirable, although there 
is a risk of cyanide poisoning at doses >1.5 mg/kg 
(13). This randomized study indicates that nicar- 
dipine and nitroprusside can be administered to 
result in similar operative conditions. Blood loss and 
the amount of blood cells and polygeline required to 
maintain hematocrit within the 26%-30% range were 
similar in both groups. Onset of hypotension was 
similar. Desired levels of arterial blood pressure were 
easily maintained without deleterious effects on 
global O, delivery (as indicated by SVo2), except for 
one patient in the nitroprusside group. However, the 
results obtained with both nitroprusside and nicar- 
dipine should be interpreted in light of several fac- 
tors. 

Although we do not exclude possible changes 
because of small sample size, no tachycardia and no 
deterioration in arterial oxygenation were observed in 


either group, contrary to the effects usually observed 
with nitroprusside (14) and dihydropyridine calcium 
channel blockers (15,16). The hypotension produced 
by both nitroprusside and nicardipine is due to their 
direct vasodilatory properties. Resulting baroreflex 
stimulation then leads to a compensatory increase in 
sympathetic tone (17,18). Seagard et al. (19) have 
demonstrated that isoflurane blocks canine baroreflex 
pathways both peripherally and centrally. Nitrous 
oxide, morphine, and diazepam can also produce this 
depression (20). Thus, in our study, the anesthetic 
depression of baroreflex function may have played an 
important role in the reduction of nicardipine- and 
nitroprusside-induced cardiac and vascular stimula- 
tion. In the presence of isoflurane-N,O, sympathetic- 
mediated increases in cardiac output and peripheral 
vascular tone did not modulate the direct vasodila- 
tion produced by both nicardipine and nitroprusside. 
Finally, we believe that the decrease in MAP was 
magnified by isoflurane-N,O anesthesia, and we 
agree with Bedford (21,22) that part of the well- 
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Table 4. Metabolic Variables Before, During, and After Nitroprusside and Nicardipine Administration 


Study Before During infusion eas After infusion 
group infusion 20 min 80 min 140 min end 20 min 80 min 
Vo, (mL O,-min™!«m7?) SNP 87 +3 99 + 6 101 +7 9447 101 + 11 115 + 12 179 + 28° 
NIC 04 + 5 100 + 6 102 + 8 99 +5 116 + 14 114 + 15 178 + 15* 
OER SNP 0.20+0.01 0.20+0.01 0.22+0.01 0.23+0.02 0.25+0.01 0.28+0.02 0.32 + 0.03" 
NIC 0.24+0.02 0.19+0.02 0.21+0.01 0.23+0.01 0.24+0.02 0.23 +0.02} 0.30 + 0.03 
C(a — ¥)O, (mL O/dL) SNP 3.32402 282+01% 284017 2.7402 3.2403 3.8 + 0.4 4.8 + 0.5" 
NIC 3.7403 28+03° 294032 29+02% 342403 3.3 + 0.4 4.6 + 0.5" 
Q,/Q, SNP 0.12+0.01 0.13+0.01 0.12+0.01 0.13 +0.01 0114001 010+0.01 0.09+0.01 
NIC 0.12+£0.02 0.10+0.01 0.13+0.01 0.134001 0117 +002 0134002 0.11 + 0.02 
pHa SNP 7.46 £0.13 7.44+0.13 7.434015 7.4340.15 7.40+0.18 7.41 +0.16 7.39 + 0.14" 
NIC 7.47+0.16 7.434014 7.444014 7.44+0.10 7.39+0.10* 7.37 +0.18" 7.50 + 0.18" 
Paco, (kPa) SNP 440+0.19 447+0.19 4644017 4624014 489+0.1% 481+0.24* 5.01 + 0.24° 
NIC 456+0.20 5.05+0.19 4.754017 4.654015 499+0.18 5.26 +0.16" 5.21 + 0.20° 
Hb (g/dL) SNP 11.6406 102+06° 9340.7 86+06 920.7 9.6 + 0.6 10.7 + 0.4" 
NIC 1160.7 110406 992406 93406 100403 104+06 109+ 0.6 
Protein (g/L) SNP 61+1 57 + 2 51 + 2 47 +2 44+ 2 45 + 2 47 + 2 
NIC 61 +1 54+1 SEER 46 + 2° 46 + 3* 47 + 3 45 + 2" 


Vo,, oxygen consumption index; OER, oxygen extraction ratio; C(a — ¥)o2, arteriovenous difference in O; contents; Q,/Q,, intrapulmonary shunt fraction; 
pHa, arterial pH; PaCO,, arterial CO, tension; Hb, hemoglobin; Protein, protein concentration; NIC, nicardipine; SNP, nitroprusside. 


Results are expressed as mean + SEM. 
“P < 0.05 versus before infusion. 
bP < 0.05 versus nitroprusside. 


Piasma nicardipine concentration (ng/ml) 
140 


105 





+20 min +60 min +440 min 


aik 


beginning of end of 
nicardipine infusion nicardipine infusion 


Figure 1. Changes in plasma nicardipine concentration. Results 
are mean + sem. *P < 0.05 data at the end of nicardipine 
administration and 20 and 80 min after discontinuation versus data 
at 20, 80, and 140 min during nicardipine administration. 


known disadvantages of nitroprusside, including re- 
flex tachycardia, tachyphylaxis, and rebound hyper- 
tension, may have been reduced by anesthesia. 
Hemodilution may have also influenced the out- 
come of our study. Vasodilation may in part be 
attributed to rheologic changes induced by hemodi- 
lution (23), as indicated by decreased vascular resis- 
tance 20 min after nitroprusside discontinuation. Fur- 
ther, in normal lung tissue, except during chronic 
ventilation-perfusion maldistribution (24), vasodila- 
tors increase intrapulmonary shunt fraction by in- 
creasing blood flow to the lung areas, where nonven- 
tilated alveoli are located. In scoliosis, the number of 
vascular units per lung area is less than that in normal 
lung (25), and in regions compressed by the rib cage 


deformity, alveoli approach their closing volume (26). 
Thus, given the relatively high value of the shunt 
fraction before hypotension in our study, it is possi- 
ble that pulmonary vasodilation did not result in 
further recruitment of lung vessels. 

The time-course of plasma nicardipine concentra- 
tion provides further evidence that the anesthetic 
pattern had an influence on the vasodilator hemody- 
namic and pharmacokinetic variables in our study. A 
mean dose of 6.2 mg of nicardipine was required to 
achieve the desired level of hypotension in a mean 
time of 11 min. At the first determination (approxi- 
mately 10 min after the end of our initial infusion), 
(Figure 1) this dose resulted in a plasma concentra- 
tion >100 ng/mL. This value was twice those previ- 
ously published (27,28) for awake patients using a 
protocol of doses and timing that were approximately 
equal to those used in the current study. Seki and 
Takenaka (27), in healthy patients, and Slike et al. 
(28), in patients with coronary artery disease, admin- 
istered nicardipine (5-10 mg IV) for 5 min. They 
found that plasma nicardipine concentrations were 
<50 ng/mL at 10 min after the end of infusion. Our 
results also differ from those obtained in patients 
with hypertension who received a mean dose of 
13 mg of nicardipine (i.e., twice our initial dose), 
resulting in a mean plasma concentration of 80 ng/mL 
(29). In this latter group, clinical cessation of action 
associated with a plasma nicardipine concentration 
of 32.5 + 4.1 ng/mL (mean + sp) was obtained 17 min 
after discontinuation of a 6-h maintenance infusion of 
3 mg/h. Based on laboratory data that demonstrate 
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that volatile anesthetics may interfere with calcium 
channel blocker disposition and lead to increased 
plasma concentration and decreased systemic clear- 
ance (3,30), we believe that the discrepancy between 
these previous results and ours may be attributable to 
isoflurane. 

Nicardipine is a lipid-soluble basic molecule (pKa 
7.2) that at physiologic pH is highly bound (>90%) to 
plasma proteins (31). Its terminal elimination half-life 
is 1.2-1.4 h after intravenous administration of 


5-15 mg (32). Experimental evidence supports the. 


belief that the pharmacodynamic properties of nicar- 
dipine, like most calcium channel blockers (33-35), 
are plasma drug-concentration related in awake and 
anesthetized dogs, even though isoflurane anesthesia 
alters this concentration-effect relationship (3). In the 
presence of isoflurane, the slopes of these linear 
relationships are reduced for most hemodynamic 
variables (3). Results obtained in humans confirm 
that plasma nicardipine levels are correlated to arte- 
rial blood pressure changes (36,37), even if continu- 
ous intravenous administration is prolonged over 
48 h (38). 

However, decreased plasma nicardipine concen- 
trations were accompanied in our study by un- 
changed arterial blood pressure. Conversely, after 
discontinuation of infusion, the return to normal 
arterial blood pressures was associated with un- 
changed plasma nicardipine concentrations. There- 
fore, we failed to find any plasma concentration-effect 
relationship. The fact that arterial blood pressure 
remained low with decreasing plasma levels of 
nicardipine suggests that a counterclockwise hyster- 
esis occurred after prolonged continuous administra- 
tion of nicardipine. This may be an indication of an 
increasing effect over time for the same concentration 
of drug. Previously, hysteresis was noted with other 
calcium channel blockers (39,40) and was attributed 
to the formation of active metabolites or a delay 
before equilibrium between plasma concentrations 
and concentrations at the receptors is reached. 
Nicardipine undergoes extensive hepatic metabo- 
lism, including N-dealkylation, N-demethylation, 
and oxidative deamination. The pharmacologic activ- 
ity of the metabolites is 1/100 that of nicardipine (32). 
Thus, hysteresis due to active metabolites of nicar- 
dipine appears unlikely. It is possible that progres- 
sive decreased plasma protein concentration due to 
hemodilution resulted in a higher free fraction of 
nicardipine and that equilibrium of drug concentra- 
tions between plasma and site of action was modi- 
fied, inducing a more marked hypotensive effect than 
expected. However, unaltered protein binding has 
been demonstrated with nicardipine, even in cases of 
low plasma protein concentration (41). Finally, the 
reason for this hysteresis is not known but may be 
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due to the release of other vasodilating mediators. As 
suggested by the progressive decreased pH, a pro- 
longed surgical hypotensive state may have led to 
relative tissue hypoperfusion. 

To conclude, our results establish that prolonged 
administration of nicardipine induced deliberate hy- 
potension during scoliosis surgery. Although no cu- 
mulative nicardipine levels were found in the plasma, 
nicardipine resulted in a prolonged hypotensive 
state. Clinicians should be prepared for this eventu- 
ality if they choose to use nicardipine. Newer calcium 
channel blockers may have more favorable pharma- 
cokinetics and prove more suitable for deliberate 
hypotension. 


We thank M. Cadio, RN, M. A. Rimbert, RN, and F. Bréard, RN, for 


technical assistance, and D. David, mp, I. Bourdeix, and the 
Sandoz Laboratory, Rueil, Malmaison, France, for supplying nica- 
rdipine and providing plasma nicardipine determinations. 
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Effects of Hypocarbia on the Pharmacodynamics of 


Sufentanil in Humans 
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William L. Young, MD, Jeffrey Weinstein, MD, and Charles F. Cain, MD 
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Descriptors of power and frequency derived from 
power spectral analysis of the electroencephalo- 
gram (EEG) were used to determine the effects of 
low-dose sufentanil (0.1 ug/kg) on brain activity. The 
effects of hypocarbia alone and of hypocarbia with 
sufentanil in patients receiving a NYO, (70%:30%) 
anesthetic were also studied. Hypocarbia alone 
caused changes in most EEG descriptors from both 
the anterior (F,-C,) and posterior (P;-O,) EEG mon- 


tages. All EEG descriptors in both hypocarbic 


and normocarbic patients significantly changed 
when sufentanil was administered, reflecting a 
shift of power into the lower frequency ranges. 
When the anterior EEG montages from the two 
groups that received sufentanil were compared, 


ypocarbia alters the distribution and elimina- 
tion of narcotics in animals. Nishitateno et al. 
(1) reported that hypocarbia in dogs de- 
creased plasma clearance of morphine while increas- 
ing brain concentration of morphine. In a similar 
study, Ainslie et al. (2) found the same results in dogs 


that were given fentanyl. In humans given fentanyl, 


Cartwright et al. (3) reported that hyperventilation 
caused a decreased plasma clearance of the drug and 


a prolonged respiratory depression. Most recently, 


Schwartz et al. (4) demonstrated that induced hypo- 
carbia in humans prolonged the elimination of sufen- 
tanil. 

This study was undertaken to determine if hypo- 
carbia altered the action of sufentanil on the brain in 
humans. Power spectral analysis (PSA) of the electro- 
encephalogram (EEG) was used to study these ef- 
fects. 
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the delta power band, spectral edge 50 (median 
power frequency), and the relative power in the 
delta power band divided by the alpha plus beta 
power bands [D/(A + B)] in the h bic group 
exhibited a significantly greater shift of power 
into the lower frequency range. It is concluded 
that (a) power spectral analysis is a sensitive measure 
of the effects of hypocarbia and small doses of sufen- 
tanil on the brain; (b) the power spectral analysis 
descriptors—delta power band, spectral edge 50, and 
[DA + B)]}—are statistically the most sensitive to 
EEG changes induced by sufentanil; and (c) hypocar- 
bia intensifies patient EEG response to sufentanil, as 
judged by changes in EKG descriptors. 

(Anesth Analg 1992;75:186-92) 


Methods 


After institutional approval, informed consent was 
obtained from 36 patients, ranging in age from 19 to 
62 yr, who were to have surgery of the lumbar or 
thoracic spine. These patients were divided into four 
groups: group 1, normocarbia without narcotic (n = 
6); group 2, hypocarbia without narcotic (n = 6); 
group 3, normocarbia with sufentanil (n = 12); group 
4, hypocarbia with sufentanil (n = 12). All patients 
were ASA physical status I or II and had no hepatic or 
renal disease. None had received narcotics for 1 wk 
before the study. Premedication consisted of glyco- 
pyrrolate (0.2 mg IM) 45-60 min before induction of 
anesthesia. Intravenous and radial artery lines were 
placed before induction of anesthesia, and routine 
monitoring was performed. The EEG leads were 
placed in the F,-C, and P-O; positions. The data 
collection system consists of a modified PSA device 
(Neurotrac, Interspec, Ambler, Pa.) that digitizes the 
EEG signals and performs a fast Fourier transforma- 
tion and transfers this data in 2-s epochs to a Mac- 
intosh computer where it is stored on a hard disk for 
further processing. The raw analogue EEG was ac- 
quired with a high-pass filter of 30 Hz (—3 dB at 
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30 Hz; 60 dB/decade) and a single-pole low-pass filter 
of 1 Hz (—3 dB at 1 Hz; 20 dB/decade). In addition, 
the two channels of analogue EEG data, along with 
an audio channel for recording anesthetic or surgical 
events, were recorded with a Vetter model C-8 FM 
tape recorder (A. R. Vetter Co., Rebersburg, Pa.). 

Anesthesia was induced with an intravenous bolus 
dose of thiopental (4 mg/kg) followed by succinylcho- 
line (1 mg/kg) and tracheal intubation. Anesthesia 
was maintained with N,O/O, (70%:30%), and paral- 
ysis was provided with vecuronium. Once a steady- 
state EEG pattern was observed, usually appearing as 
theta waves with superimposed fast activity (5,6) or 
occasionally low-voltage fast activity (7), the study 
was begun. This point was reached 25-30 min after 
the administration of thiopental and after placement 
of the patient in the prone position. 

In all groups when steady-state ventilation was 
achieved, analysis of arterial blood gases was per- 
formed. In group 1 (normocarbia), the end-tidal CO, 
(ETco,) was adjusted between 35 and 38 mm Hg and 
data was collected for 10-15 minutes. In group 2, 
normocarbia was achieved as in group 1, and after 
5 min of data collection the ventilation was increased 
to achieve an ETco, of 20-24 mm Hg. The steady- 
state hypocarbic EEG was compared with the normo- 
carbic state to determine the effects of hypocarbia 
alone on the EEG. In group 3, steady-state normo- 
carbia was achieved, and at this point sufentanil 
(0.1 pg/kg) was given as a bolus dose, the initial 
normocarbic state being taken as control. In group 4, 
steady-state hypocarbia was achieved (ETco, 
20-24 mm Hg), and sufentanil (0.1 ug/kg) was admin- 
istered as in group 3, the initial hypocarbic state being 
taken as control. Based on the observation that all 
EEG descriptors reached their maximal value 
232-352 s after injection, the value of the descriptors 
5 min after the injection of sufentanil was taken as the 
maximum response. These values were then com- 
pared with the baseline values. The studies were 
terminated before the start of surgery. 

The fast Fourier transform data stored in the com- 
puter were then further processed to derive 29 de- 
scriptors of power and frequency. Among these were 
total power (TP); multiple spectral edges (SE) be- 
tween 50% and 97%; peak power frequency (PPF); 
relative power in various frequency bands—deita 
(0.5-3.5 Hz), theta (3.5-7.5 Hz), alpha (7.5-13 Hz), 
beta (13 Hz and up), and three intermediate bands 
that overlapped the four standard bands; and percent 
power in each of the seven previous frequency 
bands. Six additional descriptors were the value of 
the descriptors from combinations of the seven pre- 
vious frequency bands that were designed to empha- 
size the expected narcotic-induced shift of power 
from the higher frequencies into the lower frequency 
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bands. Preliminary examination of these 29 descrip- 
tors revealed that data from the three intermediate 
power bands and percent power in all seven fre- 
quency bands provided no additional information 
over relative power in the standard power bands. Of 
the six derived descriptors, relative power in delta 
divided by alpha plus beta [D/(A + B)] and relative 
power in delta plus theta divided by alpha plus beta 
(D + TA + B)] provided the most information. 
Thus, only 15 descriptors were used in the final data 
analysis. These descriptors were total power (TP); 
relative power in the delta power band (D); relative 
power in the theta power band (T); relative power in 
the alpha power band (A); relative power in the beta 
power band (B); PPF; spectral edges 50-97 (SE50, 
SE60, SE70, SE80, SE90, SE95, SE97); relative power 
in the delta power band divided by the alpha plus 
beta power bands [D/(A + B)]; and relative power in 
the delta and theta power bands divided by the alpha 
and beta power bands [(D + T)/(A + B)]. 

These data were then transformed by taking the 
baseline (initial steady state) value for each descriptor 
as 100 (Transformed descriptor = 100 x Absolute 
value/Absolute baseline value). Because the absolute 
value of the various descriptors varied greatly from 
patient to patient, transformation of the data permit- 
ted comparison of the data between individual pa- 
tients and groups of patients. In preparing the data 
for analysis, 15 sequential 2-s epochs for each descrip- 
tor were averaged (30-s time periods). Finally, the 
transformed data were presented graphically in terms 
of percent change from the baseline. To determine 
onset time of narcotic action and time to maximum 
effect, descriptors from 2-s epochs were plotted se- 
quentially. The significance of alteration of trans- 
formed EEG descriptors in individual patients within 
groups resulting from hypocarbia or narcotic injec- 
tion was determined by applying Student's t-test for 
paired data (two-tailed). When two groups were 
compared one with the other, or when times of onset 
and times of maximum effect were estimated, Stu- 
dent’s t-test for unpaired data (two-tailed) was used. 
Gender ratios were compared with the y7-test; P < 
0.05 was considered significant for all comparisons. 


Results 


The demographic characteristics of the groups and 
the intraoperative conditions are summarized in Ta- 
ble 1. There is no significant difference among the 
four groups as to age, gender ratio, weight, and body 
temperature. The ETco, and arterial CO, tension 
(Paco,) of the two normocarbic groups (1,3) and 
hypocarbic groups (2,4) did not vary significantly. As 
expected, the ETco, and Paco, in the two hypocarbic 
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Table 1. Patient Demographics and Intraoperative Conditions in the Four Study Groups 
E Normocarbia Hypocarbia 
Normocarbia Hypocarbia + + 
only only sufentanil sufentanil 
(n = 6) = 6) (n = 12) (n = 12) 
Age (yr) 43.8 + 13 44.5 + 16 50.3 ż 13 41.1 + 11 
Weight (kg) 88.0 + 18 DTA 74.0 + 18 80.4 + 14 
Gender (F/M) 2/4 2/4 4/8 3/9 
ET co, (mm Hg) 34.5 +2 20.0 + 0.7 34.9 + 2 20.5 4 1 
Paco, (mm Hg) 38.8 + 1 24.1 +3 40.8 t3 24.9 +2 
Temperature (C) 35.1 £0.5 35.7 + 0.5 35.5 + 0.5 35.6 + 0.4 
F, female; M, male; ETco, end-tidal CO, tension; Paco, arterial CO, tension. 
Values are given as mean + sp. 
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Figure 1. Effects of hypocarbia alone on EEG descriptors. Bar lines; 
mean percent change from the transformed baseline. Both the 


anterior (F;-C,) and posterior (P;-O,) EEG montages are pre- 
sented. TP, total power; D, delta power band; T, theta power band; 
A, alpha power band; B, beta power band; PPF, peak power 
frequency; SE50-SE97, spectral edges 50%-97%; D/A + B, delta 
power band/alpha + beta power bands; D + T/A + B, delta + theta 
power bands/alpha + beta power bands. 


groups were significantly less than the normocarbic 
groups. 

The normocarbic patients (group 1) achieved a 
. steady EEG state 15-20 min after induction of anes- 
thesia, and the EEG descriptors derived at 2-s inter- 
vals did not vary more than +20% subsequently. 
When fifteen 2-s epochs were averaged (30 s), varia- 
tion decreased to +10%. In the other three groups, 
hypocarbia alone or the injection of sufentanil in 
either normo- or hypocarbic patients caused a statis- 
tically significant alteration in all of the descriptors in 
both the anterior (F,;-C,) and posterior EEG montage 
(P,;-O,). The changes in descriptors in the posterior 
montage generally followed that of the anterior mon- 
tage. Data are presented from both anterior and 
posterior montages (Figures 1-3). 

Hypocarbia alone in the anterior montage (Figure 
1) produced a shift of power into lower frequency 


tr! T l| B l|selselselsel oram PUTI B [se| se] se|se[o-TA-8 
D A [591701 90} 97 O A {50 | 70} 90197 
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EEG DESCRIPTORS 


Figure 2. Effects of normocarbia plus sufentanil (0.1 g) on EEG 
descriptors. Bar lines, percent change from the rmed base- 
line. Both anterior (F,-C,) and posterior (P;-O,) EEG montages are 
presented. See Figure 1 for explanation of abbreviations. 


bands with the greatest increase in the theta band, 
although total power (TP) was slightly decreased. 
The PPF and the spectral edges from 50% to 97% 
were all decreased. A derived descriptor [(D + D(A 
+ B)] designed to emphasize power shifts into the 
lower frequencies showed the greatest increase 
(90%). In group 3 (normocarbia) (Figure 2) and group 
4 (hypocarbia) (Figure 3), the intravenous administra- 
tion of sufentanil also caused an increase in power in 
the lower frequency bands. The PPF and the spectral 
edges, with the exception of the PPF in the posterior 
montage of the hypocarbia-sufentanil group (Figure - 
3), were significantly decreased, whereas D/(A + B) 
and (D + T)/(A + B) were increased, reflecting a shift 
of power into the lower frequency ranges. 

In comparing descriptors from the posterior with 
the anterior montage, a few of the descriptors in the 
various treatment groups moved in opposite direc- 
tions. In patients subjected to hypocarbia alone (Fig- 
ure 1), total power in the anterior montage decreased, 
whereas in the posterior montage it was increased. In 
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Figure 3. Effects of hypocarbia plus sufentanil (0.1 KE/KE) on EEG 
descriptors. Bar lines, percent denge from the transformed base- 
line. Both the anterior (F;—C,) and posterior (P;~O,) EEG montages 
are presented. See Figure 1 for explanation of abbreviations. 


normocarbic patients given sufentanil (Figure 2), 
alpha power was increased in the anterior montage 
and was unchanged in the posterior montage. In 
hypocarbic patients given only sufentanil (Figure 3), 
only one descriptor differed in direction from baseline 
between the anterior and posterior montages. This 
was the PPF, which was decreased in the anterior and 
increased in the posterior montage. Further, when 
comparing the anterior and posterior montages, the 
delta and theta power bins, the two derived descrip- 
tors [D/(A + B) and (D + T)/(A + B)] and the spectral 
edges moved in the same direction in relation to their 
baselines. 

When the two groups of patients who received 
sufentanil (groups 3 and 4) were compared, three 
descriptors in their anterior montages showed signif- 
icant differences (Table 2). The hypocarbic group of 
patients showed increased response in the delta 
power band and D/(A + B) and a decrease in the 
spectral edge 50 (mean power frequency) compared 
with the normocarbic group of patients. 

In examining the data before transformation, it 
was found that in the normocarbic patients without 
narcotic, the spectral edge 50 ranged between 8 and 
22 Hz, whereas their spectral edge 97 ranged between 
23.5 and 29.5 Hz. In those patients who were hypo- 
carbic, the spectral edge 50 ranged between 7 and 
14.5 Hz, and their respective spectral edge 97 values 
ranged between 17 and 26.5 Hz. 

Mean onset times after the injection of sufentanil 
ranged between 18 and 51 s for the various descrip- 
tors, with the maximum change achieved between 
252 and 332 s. There was no significant difference for 
these times between the normocarbic and hypocarbic 


groups. 
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Discussion 


Two studies have demonstrated that hypocarbia in- 
creases the concentration of narcotics in the brains of 
dogs. Nishitateno et al. (1) injected morphine into 
hypocarbic dogs (Paco, 20 mm Hg) and found that 
the morphine concentration in the cerebral cortex of 
these animals was significantly increased at 
15-240 min compared with normocarbic dogs. Ainslie 
et al. (2) studied the effects of hypocarbia (Paco, 
19 mm Hg) in dogs given fentanyl. They found in 
these animals that brain fentanyl concentration 
peaked at 15-20 min and was higher than in normo- 
carbic or hypercarbic animals. 

Cartwright et al. (3) studied postoperative ventila- 
tory depression in surgical patients given fentanyl (10 
or 25 ug/kg) who were maintained at either normo- 
carbia (38-42 mm Hg) or hypocarbia (20-25 mm Hg) 
during anesthesia and surgery. Using a CO, chal-. 
lenge, they found that during the first 2 h after 
anesthesia, CO, responsiveness decreased to a 
greater degree in those patients who were hyperven- 
tilated. In addition, the authors measured plasma . 
fentanyl concentrations and calculated pharmaco- 
kinetic variables. They found that the patients who 
were hyperventilated during anesthesia had a signif- 
icantly lower plasma clearance of fentanyl than those 
who were ventilated at normal levels, although they 
found no difference in either the volume of distribu- 
tion or elimination half-lives between groups. 

Most recently, Schwartz et al. (4), studying the 
effects of hyperventilation on the pharmacokinetics of 
sufentanil in neurosurgical patients, found that hy- 
pocarbia (Paco, 22-28 mm Hg) produced an in- 
creased volume of distribution and a prolonged elim- 
ination half-life for this narcotic. 

In their discussion of the causes of this effect, 
Schwartz et al. (4) pointed out that sufentanil has a 
pKa of 8.01, and as the serum pH increases, the 
Henderson-Hasselbalch equation predicts that the 
proportion of the drug in the nonionized state will 
increase. As the nonionized state of sufentanil is the 
active form that rapidly crosses the blood-brain bar- 
rier, hyperventilation with accompanying hypocarbia 
might be expected to produce a more rapid onset and 
a more profound action of the narcotic. . ` 

The human scalp-recorded EEG was chosen as the 
method for measuring the actions of both hypocarbia 
and sufentanil because it is a noninvasive technique, 
and it is well established that the EEG is a very 
sensitive means of measuring the effects of drugs and 
physiologic changes on brain function. Fink (8) has, 
in fact, coined the term “pharmaco-EEG analysis” to 
describe the use of the EEG to quantitate drug action 
on the brain. In addition, it has been clearly demon- 
strated that both hypocarbia and narcotics alter EEG | 
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Table 2. Comparison of Transformed* Electroencephalographic Descriptors From Normocarbic and Hypocarbic Patients 


Who Received Sufentanil (0.1 ug/kg IV) 





Descriptors from 





anterior montage Normocarbia Hypocarbia P 

(F;-C3) (mean + sD) (mean + $D) value 
Total power 149 + 92 182 + 73 0.3355 
Delta (0.5-3.5 Hz) 146 + 92 263 + 101 0.0064 
Theta (3.5-7.5 Hz) 205 + 147 228 + 174 0.7175 
Alpha (7.5-13 Hz) 192 + 245 167 + 136 0.7602 
Beta (13 Hz and up) 68 + 27 80 + 51 0.4802 
Peak power frequency 92 + 24 78 + 35 0.2729 
Spectral edge 50 84 + 17 65 + 25 0.0421 
Spectral edge 60 78 + 12 69 + 20 0.2229 
Spectral edge 70 78 + 19 63 £21 0.0871 
Spectral edge 80 76 + 21 66 + 21 0.2223 
Spectral edge 90 i? 20 ERL 0.6253 
Spectral edge 95 85 + 23 76 + 14 0.2816 
Spectral edge 97 87 + 21 80 + 14 0.3519 
Di(A + B) 148 + 93 296 + 163 0.0118 
(D + TA + B) 194 + 123 258 + 153 0.2708 


Values obtained 5 min after injection. 
"All descriptors transformed by taking baseline values as 100. 


patterns of humans in a reproducible manner. As 
early as 1940, Gibbs et al. (9), studying the effects of 
hypocarbia on the EEG, reported “a shift in energy 
towards the slow side of the spectrum,” with an 
apparent increase in the total amount of energy. Soon 
thereafter, Davis and Wallace (10) confirmed this 
observation. Insofar as the effects of hypocarbia dur- 
ing anesthesia are concerned, Geddes and Gray (11), 
studying hyperventilation during the maintenance of 
nitrous oxide, oxygen, relaxant anesthesia, were the 
first to report delta wave activity with hyperventila- 
tion (pH 7.5). The newer synthetic narcotics, fentany] 
and its analogues sufentanil and alfentanil, have in 
high doses all been shown to induce similar EEG 
changes in humans (12-15). This response consists of 
a slowing of the EEG with increased power in the 
lower frequency range (delta band). A similar picture 
has also been reported with smaller doses of sufen- 
tanil and fentanyl (16). 

Two other anesthetics were used in this study: 
N20 and thiopental. The question arises, are these 
drugs influencing the reported EEG results? Nitrous 
oxide with adequate oxygen has been shown to 
induce EEG changes. These were reported as fast 
oscillatory activity with a peak frequency of 34 Hz (7), 
regular 5-7 Hz activity (17), loss of alpha rhythm, and 
appearance of theta activity with superimposed fast 
activity (5) when given at 1 MAC (in a pressure 
chamber), and slow rhythmic activity (5). Sebel et al. 
(18), however, reported that the EEG pattern after 
fentanyl injection is the same in patients ventilated 
with air/O, as it is in patients receiving N,O/O, 
(inspired O, concentration [Fro] 0.5). They specu- 


lated that fentanyl acts on central or peripheral opiate 
receptors and that this action is not affected by 50% 
NO. In contrast, Pearcy et al. (17) noted that admin- 
istering N,O/O, (70% :30%) to patients who had pre- 
viously been given up to 300 mg of meperidine 
intravenously caused a relatively sudden appearance 
of slow theta or delta activity. When patients were 
first anesthetized with N,O and then given intrave- 
nous meperidine, there was a slower onset of the 
EEG changes. This observation suggests at least an 
additive effect on the EEG of patients given N,O with 
meperidine. In the present study, all patients re- 
ceived N,O/O, (70% :30%) at high flows (7-3 L/min) 
for at least 25 min before the start of the study. Thus, 
a steady-state N,O concentration was established in 
all patients before any EEG measurements, and any 
interaction between N,O and sufentanil would be the 
same in both the normocarbic and hypocarbic 
groups. 

The action of a single intravenous dose of thiopen- 
tal should be of short duration. Shideman et al. (19), 
while determining the ability of the liver to metabo- 
lize thiopental, found that patients with normal liver 
function were able to stand unaided 85-251 s after an 
intravenous dose of thiopental of 4 mg/kg. Price (20), 
a number of years ago while discussing a paper by 
Mark (21) on the kinetics of thiopental, observed that 
“persons given an induction dose of thiopental and 
nothing more almost always recover consciousness 
within a 20-min period.” More recently, Fragen and 
Caldwell (22) gave patients an induction dose of 
thiopental of 4 mg/kg and then maintained anesthesia 
with N,O/O, plus a mean additional intravenous 
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dose of thiopental of 3.5 mg/kg. Surgery lasted an 
average of 23 min, and the patients responded to 
command 3.4 min after the NO was discontinued. 

On the basis of the previous observations, in this 
study EEG measurements were not made until at 
least 25 min had elapsed from the time the thiopental 
was administered. It would be expected that after a 
dose of 4 mg/kg of thiopental, a patient would be 
awake and responding to commands by that time and 
that the patient’s EEG would be approaching the 
awake pattern. In confirmation of this expectation it 
was noted in group 1 (normocarbia, N,O/O, without 
narcotic) that the descriptors derived from the process- 
ed EEG stabilized by 20-25 min after the injection of 
thiopental and continued so throughout the entire 
study period. In view of this observation, we believe 
thiopental did not influence the experimental results. 

A small dose of sufentanil (0.1 wg/kg) was deliber- 
ately chosen for this study. We wished, among other 
things, to determine those EEG descriptors that were 
most sensitive to narcotic administration. Had a large 
dose of sufentanil (2-4 ug/kg) been administered as a 
bolus dose or by infusion there would have been such 
marked changes in the EEG pattern that all descrip- 
tors would significantly change from control, and it 
would not be possible to determine those descriptors 
most sensitive to narcotic effect. 

A bolus injection technique also permitted precise 
determination of both time of onset and time to 
maximum EEG effect of sufentanil. An alternative 
technique would be the use of an infusion of sufen- 
tanil to achieve a steady-state EEG response to the 
drug and then alter blood pH by changing ventila- 
tion. This method would permit us to design a 
crossover study in which each patient would serve as 
his or her own control. An important disadvantage of 
the infusion technique, however, is that to achieve a 
steady state, one must a priori select a specific EEG 
descriptor and then adjust the infusion to maintain 
this descriptor in a steady state. Because we wished 
to determine which EEG descriptor or descriptors 
were most sensitive to the narcotic, the a priori 
selection of a specific descriptor to follow the drug 
effect might well bias such a determination. We 
therefore believe that the bolus injection of sufentanil 
best provided the information we desired concerning 
the sensitivity of the EEG descriptors to sufentanil, 
their onset times, time to maximum effect, and any 
differences among these factors caused by changes in 
the Paco}. 

Because many pharmacologic (drug effect), physi- 
ologic (CO, tension), and pathologic (hypoxia) factors 
can alter the EEG, care was exercised to either stabi- 
lize or avoid these factors. In studying the pharma- 
codynamics of sufentanil, the one variable was the 
EEG response to a single bolus dose of sufentanil. 
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Predictably, hyperventilation alone produced 
changes in EEG descriptors derived from PSA. The 
findings in this group of patients reflect a shift in 
power into lower frequency bands and a decrease in 
all the spectral edge frequencies. The interesting 
finding is that changes in the descriptors derived 
from the anterior and posterior montages tend to 
mirror one another (Figure 1). 

The intravenous administration of the small dose 
of sufentanil (0.1 ug/kg) produced significant changes 
in all descriptors within both the normocarbic and 
hypocarbic groups (the largest percent of change seen 
in the various power bands). Thus, descriptors de- 
rived from PSA of the EEG can detect alteration in the 
activity of the brain produced by a relatively small 
dose of narcotic. Again, changes in descriptors in the 
anterior and posterior montages for each group mir- 
ror one another (Figures 2 and 3). 

There were also significant differences in the EEG 
changes after sufentanil administration between the 
normocarbic and hypocarbic groups. The hypocarbic 
patients demonstrated a significant increase of power 
in the delta power band, also in D/(A + B), anda 
significant decrease in the spectral edge 50 values. 
This shift of power into a lower frequency band and 
a decrease in spectral edge frequency most likely 
represents an increase in the action of sufentanil on 
the brain of these patients. The observation by 
Schwartz et al. (4) that hypocarbia should increase 
the proportion of sufentanil in its active, nonionized 
state, may explain the more profound EEG response 
in our hypocarbic patients. In addition, although 
hypocarbia unquestionably produces cerebral vaso- 
constriction, this degree of vasoconstriction does not 
appear to alter the time to onset of EEG effect or the 
time to maximum effect for any descriptor. 

This study confirms that PSA of the EEG is a 
sensitive measure of the effects of hypocarbia and a 


‘small dose of narcotic on the brain. Further, the data 


suggest that either the anterior or posterior montage 
is equally useful in following EEG changes produced 
by hypocarbia or intravenous injection of sufentanil. 
In addition, the PSA descriptors—delta power band, 
spectral edge 50, and relative power in delta power 
band divided by alpha plus beta power bands—are 
statistically the most useful after EEG changes in- 
duced by sufentanil. Finally, hypocarbia appears to 
intensify the EEG response to the narcotic sufentanil. 
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This study was designed to determine the capacity of 
several anesthetics to augment pipecuronium neuro- 
muscular blockade. The potency of pipecuronium 
was determined with single-bolus administration of 
20-50 we/kg in 160 patients. Patients were anesthe- 
tized with N,O/O, (60:40) supplemented with fenta- 
nyl (4-5 ug/kg), halothane (0.8%), isoflurane (1.2%), 
or enflurane (1.7%). Neuromuscular blockade was 
measured by an acceleration-responsive transducer (the 
Accelograph, Biometer International, Odense, Den- 
mark). Responses were defined in terms of percent 
depression in first-twitch height and train-of-four re- 
sponse, and the dose-response curves were con- 
structed after probit transformation of the responses. 
The dose-response curves were found to be parallel for 
both first twitch height and train-of-four responses. The 


administration of various anesthetics is not 

clear. The reported estimated doses producing 
95% depression of twitch tension (ED,, doses) during 
nitrous oxide (N2O)-narcotic anesthesia have ranged 
from 48.7 ye/kg (1) to 59.4 ug/kg (2). In addition, 
discrepancies in dose-response results were reported 
for the effect of isoflurane on the potency of pipecu- 
ronium (1,2). Wierda et al. (1) reported that the EDs 
for pipecuronium was 44.6 ug/kg in patients anesthe- 
tized with N,O/O, and 3% isoflurane (inspired con- 
centration). Pittet et al. (2) reported a similar value 
(42.3 ug/kg) in patients anesthetized with N,O/O, 
and 0.9% isoflurane. Furthermore, there are no data 


l | The relative potency of pipecuronium during 
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dose-response lines for the enflurane and isoflurane 
groups were displaced significantly (P < 0.01) to the lett 
of the line for the fentanyl-N,O group. The calculated 
doses producing 50% depression of first twitch height 
were 21.9, 21.2, 18.9, and 17.8 ug/kg for the N,O- 
fentanyl, halothane, isoflurane, and enflurane groups, 
respectively. Corresponding calculated doses for 50% 
depression of train-of-four response were significan 
smaller (15.5, 14.4, 13.7, 11.9 ug/kg, respectively). The 
enhancing effects of the volatile anesthetics were re- 
flected by significant prolongation of the clinical dura- 
tion of neuromuscular blockade by pipecuronium. It is 
concluded that the potency of pi nium is en- 
hanced more by enflurane and isoflurane than 
halothane or fentanyl-N.O anesthesia. 

(Anesth Analg 1992;75:193-7) 


available for the effects of enflurane or quantitative 
comparisons of the effects of the four commonly used 
anesthetics on the neuromuscular block produced by 
pipecuronium. 

This study was designed to determine the dose- 
response relation of pipecuronium during fentanyl- 
N.O/O,, enflurane-N,O/O,, isoflurane-N,O/O,, and 
halothane-N,O/O, anesthesia. 


Methods 


After institutional approval, 160 ASA physical status 
group I and II adult patients (80 male, 80 female) were 
studied. All patients were undergoing elective proce- 
dures, had no neuromuscular, renal, or hepatic dis- 
ease, and were not taking any drug known to inter- 
fere with neuromuscular function. Informed consent 
was obtained. All patients received 2 mg of oral 
lorazepam 90 min preoperatively. An intravenous 
infusion of lactated Ringer’s solution was established 
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Table 1. Demographic Data for 160 Patients Undergoing Elective Surgery 
Enflurane Isoflurane Halothane Fentanyl-N,O 
Age (yr) 32.1 (8.2) 33.3 (7.6) 35.9 (6.5) 33.9 (8.2) 
Weight (kg) 65.3 (5.1) 63.6 (5.7) 63.3 (4.5) 62.4 (4.4) 
Gender (M/F) 20/20 20/20 20/20 20/20 





Age and body weight are presented as means (SD). 


before induction of anesthesia. Routine monitoring 
was used. Temperature was monitored by a nasopha- 
ryngeal thermistor and maintained at 36.5 + 0.5°C. 

Patients were randomly assigned to one of the 
following anesthetic groups (n = 40 in each): N,O- 
fentanyl, N.O-enflurane, N,O-isoflurane, or N30- 
halothane. Stratified sampling was used to obtain an 
even gender distribution. Anesthesia was induced 
with thiopental (5 mg/kg) and was maintained with 
N,O and O, (60:40) supplemented with fentanyl 
(4-5 ug/kg IV), enflurane, isoflurane, or halothane via 
a face mask. The trachea was sprayed with 4 mL of 
4% lidocaine and was intubated without the use of 
muscle relaxants. After intubation, the end-tidal con- 
centration of the volatile anesthetics was adjusted to 
1 MAC (excluding N,O). The resulting end-tidal 
concentrations were 1.7% for enflurane, 1.2% for 
isoflurane, and 0.8% for halothane. The concentra- 
tions of the volatile anesthetics, N-O, Oz, and CO, 
were determined continuously by a multiple-gas an- 
alyzer (Capnomac, Datex Instrumentarium Corpora- 
tion, Helsinki, Finland). Ventilation was adjusted to 
maintain normocapnia (end-tidal CO, pressure 
[PETco,] 35-40 mm Hg). 

The acceleration transducer, 5 x 10 mm in size and 
weighing 20 g, is a piezoelectric ceramic wafer with 
an electrode on each side (Biometer International, 
Odense, Denmark) that was fastened to the volar side 
of the interphalangeal joint of the thumb (3,4). When 
the wafer experiences acceleration, a voltage differ- 
ence develops between the two electrodes, and this 
voltage can be measured and recorded directly. The 
ulnar nerve was stimulated at the wrist with square- 
wave supramaximal stimuli of 0.2-ms duration, de- 
livered in a train-of-four (TOF) sequence at 2 Hz 
every 15 s. A free movement during evoked thumb 
adduction was allowed by fixation of the extended 
four ulnar fingers by an elastic band. On stimulating 
the ulnar nerve, the transducer was set in motion, 
and a voltage developed that was proportional to the 
acceleration. The resulting electrical signal was ana- 
lyzed by the Accelograph (Biometer International). 
The TOF values were displayed and recorded. The 
first twitch (T1) of the TOF was considered the twitch 
height. 

After end-tidal anesthetic concentration was stable 
for 30 min, we administered at random one of the 


selected doses of pipecuronium (20, 30, 40, or 
50 ug/kg) intravenously as a free-flowing bolus dose. 
Ten patients were studied at each dose level in each 
of the four anesthetic groups. The neuromuscular 
response to pipecuronium was recorded as the max- 
imum depression of T1 and TOF expressed as a 
percent of the control value. Once the maximum 
effect of the selected initial dose was reached (that is, 
when no further decrease in evoked response to three 
consecutive stimuli occurred), a supplementary dose 
was chosen so that together with the selected initial 
dose, a total of 50 g/kg was administered to all 
patients. Time to maximum effect (the time from 
injection of the selected dose to maximum effect) and 
time from injection of the full dose (50 ug/kg) to 10% 
recovery of the twitch height (clinical duration) were 
recorded. 

The percent values for T1 and TOF depression 
were transformed to probits and plotted against 
the logarithm of the dose of pipecuronium with 
PCNONLIN (5). Regression lines were compared 
with analysis of covariance. First, we tested the lines 
to determine whether they deviated from parallelism; 
if they did not, an F-test was applied to determine 
whether the elevations were different. If so, a t-test 
was applied to determine which line differed in 
elevation (6) with a BMDP statistical package (1990). 
The ED. and ED,, values (doses causing 50% and 
95% depression of twitch tension and TOF ratio, 
respectively) were calculated from the log-probit re- 
gression lines for each anesthetic group. Using anal- 
ysis of variance, we compared age, body weight, 
onset time, and clinical duration among anesthetic 
groups. For all statistical comparisons, differences 
were considered significant when P < 0.05. 


Results 


Results are expressed as means (SD). There was no 
significant difference among the four groups with 
respect to age or weight (Table 1). 

Figures 1 and 2 show dose-response curves for the 
first-twitch height (T1) and TOF response, respec- 
tively. For all groups, the regression lines did not 
deviate from parallelism but differed in position (P < 
0.0001). The dose-response regression lines of pipe- 
curonium for the enflurane and isoflurane groups 


Percent Depression of Twitch Response 
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Figure 1. Dose- nse relation for twitch height (T1) for pipecu- 
ronium during fentanyl-N,O/O,, halothane-N,O/O,, isoflurane- 
N,O/O,, and enflurane-N,O/O, anesthesia. The horizontal lines at 
the ED,, and ED,, levels indicate 95% confidence limits. 


were shifted significantly (P < 0.01) to the left of that 
for the fentanyl-N,O/O, group. Calculated ED; and 
EDs values are presented in Table 2. The calculated 
EDs, and EDs values of pipecuronium for TOF 
response were significantly smaller than those for the 
T1 response (the 95% confidence limits did not over- 
lap). 3 

The time to maximum effect for pipecuronium in 
patients receiving N.O and fentanyl, halothane, iso- 
flurane, and enflurane was 6.3 (0.5), 4.2 (0.7), 3.8 
(0.5), and 2.7 (0.4) min, respectively, and was statis- 
tically different (P < 0.01) among all groups. The 
clinical duration of the total 50-ug/kg dose for these 
groups was 29.4 (4.5), 39.5 (4.7), 50.9 (4.5), and 62.9 
(4.4) min, respectively, and was statistically different 
(P < 0.01) among the four groups. 


Discussion 
The results of the present study demonstrate that 


compared with fentanyl-N,O/O, anesthesia, enflu- 
rane and isoflurane but not halothane enhance the 


NAGUIB ET AL. 195 
PIPECURONIUM AND VOLATILE ANESTHETICS 


Percent Depression of Train-of-Four Response 





Log —« 


Pipecuronium ( pg.Kg' ) 
Figure 2. Dose-response relation for train-of-four (TOF) response 
for pipecuronium during fentanyl-N,0/O,, halothane-N,O/O,, 
isoflurane-N,O/O,, and enflurane-N,O/O, anesthesia. The horizon- 
tal lines at the EDs) and EDs levels indicate 95% confidence limits. 


neuromuscular blocking effect of pipecuronium. It 
also demonstrates that the potency of pipecuronium 
does not differ by >23% from the four anesthetic 
techniques used in this study. Our findings are 
consistent with those of Pittet et al. (2) who reported 
that isoflurane but not halothane enhanced the po- 
tency of pipecuronium. In contrast, Wierda et al. (1) 
found that the estimated ED,, doses for pipecuro- 
nium during N,O/O, and isoflurane, halothane, or 
droperidol/fentanyl were not different and were, re- 
spectively, 44.6, 46.9, and 48.7 ug/kg. This apparent 
lack of significant difference among the ED,, doses 
has been attributed to the brevity of exposure of their 
patients to the anesthetic (10-15 min) before the 
administration of pipecuronium (1). 

The potency of nondepolarizing relaxants depends 
on the volatile anesthetic used, the method of moni- 
toring neuromuscular function (7), and even geo- 
graphic location (8). We found that TOF ED, and 
EDgs values were significantly less than that of the T1 
response (Table 2). Recent investigations (9) indicated 
that the calculated ED and ED gs values of ORG 9426 
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Table 2. Effective Doses of Pipecuronium for 50% (ED;,) and 95% (EDgs) ai Hinge of Twitch Height (T1) and 


Train-of-Four (TOF) Response (and Their 95% Confidence Limits) During 


urane, Isoflurane, Halothane, and 


Fentanyl-N,O Anesthesia _ 
Depression of T1 (% control value) Depression of TOF response 
Fentanyl- l Fentanyl- 
Enflurane Isoflurane Halothane N,O Enflurane Isoflurane Halothane N,O 
EDs (g/kg) 17.8 18.9 21.2 21.9 11.9 13.7 14.4 15.5 
(17.1-18.5)  (18.3-19.5)  (20.7-21.7)  (21.4-22.4)  (10.7-13.2}  (12.7-14.8)  (13.5-15.4)  (14.7-16.4) 
EDs (ug/kg) 35 9 37.3 39 28.7 30.8 31.9 33.9 
(33.8-36.3)  (34.7-37.2)  (36.1-38.5)  (37.8-40.3) (27.530) = (29.6-32.1) (32.5-35.3) 


were significantly less with the TOF mode of stimu- 
lation compared with the single-twitch stimulation. 
Ali and Savarese (10) showed that the dose-response 
curve for d-tubocurarine shifted to the left as the 
frequency of stimulation was increased. This could be 
attributed to a stimulation-induced increase in the 
muscle blood flow that would increase delivery of the 
drug to the neuromuscular junction. Dose-response 
relations obtained after TOF stimulation may be of 
more importance than after single-twitch stimulation, 
because the former is a more sensitive indicator of 
neuromuscular blockade (11,12). 

In this study, the calculated first-twitch ED;) doses 
during fentanyl-N,O/O,, halothane, and isoflurane 
anesthesia were 21.9, 21.2, and 18.9 pg/kg, respec- 
tively. Similar values (27.3, 22.7, and 20.6 pg/kg, 
respectively) were reported by Wierda et al. (1) who 
used a single-twitch mode of stimulation and mech- 
anomyography and by Pittet et al. (2) (31.7, 25, and 
18 pg/kg, respectively) who used electromyography 
and cumulative technique to construct the dose- 
response curve. 

The range of values reported for the EDgs has been 
greater than for the EDs (1,2). This variability can be 
attributed to the difficulty of accurately defining the 
extreme ranges of the dose-response curve and to the 
differences in the anesthetic techniques and stimula- 
tion frequency used by various investigators. 

We found that at 1 MAC value, enflurane and 
isoflurane were similar in enhancing the neuromus- 
cular blockade induced by pipecuronium (Table 2). 
The first-twitch EDs, of pipecuronium was approxi- 
mately 19% less during enflurane (17.8 wg/kg) and 
14% less during isoflurane (18.9 ug/kg) than that 
during fentanyl-N,O anesthesia (21.9 pg/kg). This is 
consistent with the effect of these volatile anesthetics 
on other nondepolarizing muscle relaxants (11-14) 
despite the differences in end-tidal concentration of 
volatile agents used in these various studies. 

Several investigators demonstrated that enflurane 
and isoflurane equally augmented a neuromuscular 
blockade induced by pancuronium or d-tubocurarine 
and that both anesthetics were approximately twice 


(30.6-33.2) 


as potent as halothane (14-16). On the other hand, 
Rupp et al. (17) found that the volatile anesthetics 
interact differently with vecuronium than with other 
nondepolarizing muscle relaxants. At 1.2 and 
2.2 MAC levels of anesthesia (which included the 
MAC contribution from 70% NO), enflurane was 
more potent than either isoflurane or halothane in 
augmenting a vecuronium-induced neuromuscular 
blockade, but the effects of isoflurane and halothane 
were similar (17). Several studies have compared the 
potency of atracurium during various anesthetic con- 
ditions (18-20). Rupp et al. (18) concluded that the 
potency of atracurium was not different during 
halothane-N,O and enflurane-N,O anesthesia. In 
contrast, Sokoll et al. (20) found that the ED, of 
atracurium was 40% less during isoflurane anesthesia 
than during N,O-fentanyl anesthesia. Isoflurane (21) 
and enflurane (22) were shown to have a potentiating 
effect on the dose-response relation of mivacurium. 
This is also consistent with the known effect of these 
volatile anesthetics on d-tubocurarine, pancuronium, 
pipecuronium, and possibly atracurium. 

In vitro, halothane and isoflurane potentiate the 
effects of neuromuscular blocking agents to the same 
extent (23). In contrast, in vivo, isoflurane produces 
more potentiation than does halothane (16). This was 
attributed to an increased muscle blood flow pro- 
duced by isoflurane. Possible mechanisms by which 
inhaled anesthetics may exert their effect include 
depression of the central nervous system, presynap- 
tic inhibition of acetylcholine mobilization and re- 
lease, postsynaptic receptor desensitization, and an 
action on the muscle at some point distal to the 
cholinergic receptor (24,25). Stanec and Baker (26) 
noted that volatile anesthetics and nondepolarizing 
muscle relaxants may have synergistic prejunctional 
actions at the neuromuscular junction. 

The time to development of maximal block and the 
clinical duration of the total dose of 50 yg/kg were 
dependent on the type of anesthetic used. In this 
respect, the potentiation of the neuromuscular effects 
of pipecuronium may be ranked as follows: enflurane 
> isoflurane > halothane > fentanyl. 
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We used the Accelograph to monitor the neuro- 
muscular effects of pipecuronium. The Accelograph 
is based on a new measuring principle: measurement 
of force is replaced by measurement of acceleration. 
The principle behind the use of the accelerometer for 
measuring neuromuscular transmission is Newton’s 
second law: Force = Mass x Acceleration. Because 
the mass involved is constant, the acceleration is 
proportional to the force. Therefore, a TOF ratio, for 
example, measured by means of the acceleration 
transducer, should in theory correspond to a TOF 
ratio determined by a measurement of force (4). 
Viby-Mogensen et al. (3) noted that the relation 
between force displacement transducer-derived TOF 
responses and acceleration transducer-derived TOF 
responses is better than that between force displace- 
ment transducer-derived TOF responses and electro- 
myography-derived TOF. Similarly, May and col- 
leagues (27,28) reported that the acceleration 
transducer is equal to the force displacement trans- 
ducer with regard to precision and accuracy in clinical 
recordings. 

In conclusion, we have demonstrated that the 
potency of pipecuronium is enhanced by enflurane 
and isoflurane but not halothane when compared 
with fentanyl-N.O/O, anesthesia. The duration of 
neuromuscular blockade induced by pipecuronium 
was significantly influenced by the anesthetic tech- 
nique in the following decreasing order: enflurane > 
isoflurane > halothane > fentanyl. 


We thank Lorraine Ritchie for expert secretarial assistance. Pipe- 
curonium was supplied by Organon Teknika, Belgium. 
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The purpose of this study was to determine whether 
volatile anesthetics modify the release of endotheli- 
um-derived relaxing factor. We examined the effects 
of halothane and isoflurane on endothelium- 
dependent relaxation and 3’,5’-cyclic guanosine 
monophosphate formation elicited by acetylcholine 
and ionophore A23187 in isolated rat aorta. 
Halothane and isoflurane (1%—-2%) significantly at- 
tenuated acetylcholine-induced relaxation of the phe- 
nylephrine-contracted aorta but had no significant 
effect on relaxation induced by A23187, nitroprus- 


derived relaxing factor (EDRF) (1), which re- 

laxes vascular smooth muscle by activation of 
3’,5'-cyclic guanosine monophosphate (cyclic GMP, 
cGMP) (2,3). Anesthetics, including local anesthetics 
(4), volatile anesthetics (5-7), and barbiturates (8), 
affect EDRF formation; however, the effects of volatile 
anesthetics, particularly isoflurane, on EDRF forma- 
tion appear to be controversial. Muldoon et al. (5), 
using rabbit aorta and canine femoral and carotid 
arteries, demonstrated that halothane inhibited en- 
dothelium-dependent relaxation elicited by acetyl- 
choline and bradykinin. Moreover, Stone and Johns 
(6) demonstrated that the relaxant effects of 
halothane, isoflurane, and enflurane tended to be 
increased after denudation of the endothelium, sug- 
gesting that these anesthetics may inhibit basal pro- 
duction of EDRF or prostacyclin (PGI,) or stimulate 
the formation of endothelium-derived constricting 
factor. In contrast, Blaise et al. (7), using canine 
epicardial coronary artery, observed that the inhibi- 
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side, and nitroglycerin. Basal and A23187 (10-7 M} 
stimulated levels of 3’,5'-cyclic guanosine monophos- 
phate were slightly lowered by halothane and isoflu- 
rane (2%). In contrast, the increase of 3',5’-cyclic 
guanosine monophosphate elicited by acetylcholine 
(107° M) was significantly attenuated by halothane 
(2%) and abolished by isoflurane (2%). These find- 
ings indicate that halothane and isoflurane strongly 
inhibit the release of endothelium-derived relaxing 
factor elicited by acetylcholine. 

(Anesth Analg 1992;75:198-203) 


tory effect of isoflurane on prostaglandin F,,-induced 
contraction was abolished by endothelial denudation, 
suggesting that isoflurane induced the release of 
EDRF or facilitated its action. 

Although the level of EDRF can be estimated from 
the level of cGMP in vascular smooth muscle (2,3), 
little information is available about the effects of 
anesthetics on cGMP formation in vascular smooth 
muscle (9,10). Therefore, we examined the effects of 
halothane and isoflurane on endothelium-dependent 
relaxation and the basal or stimulated level of cGMP 
in rat aortas. Ñ 


Methods 


The protocol was approved by the Kyoto University 
Animal Use Committee. Male Wistar rats weighing 
250-350 g were anesthetized by intraperitoneal injec- 
tion of sodium pentobarbital (50 mg/kg) and killed by 
exsanguination. A preliminary study suggested that 
administration of pentobarbital at this dose and 
exsanguination do not affect endothelial integrity. 

The chest of each rat was opened, and the descend- 
ing portion of the thoracic aorta was isolated and cut 
into helical strips approximately 17 mm long for 
mechanical testing or cut longitudinally into pairs of 
strips approximately 30 mm long for determination of 
cGMP. Each strip was then bathed in a 10-mL organ 
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bath containing Krebs’ bicarbonate solution with the 
composition (in mM): NaCl 118.2, KCI 4.6, CaCl, 2.5, 
KH,PO, 1.2, MgSO, 1.2, NaHCO, 24.8, dextrose 10. 
The bathing fluid was aerated with a mixture of 95% 
O, and 5% CO, to keep the pH within the range 
7.35-7.45 and maintained at 37 + 0.5°C. Before the 
start of the experiments, each strip was allowed to 
equilibrate for 60-90 min, during which time the fluid 
was replaced every 15 min. Halothane and isoflurane 
were introduced into the O,-CO, mixture through 
Fluotec 3 (Cyprane Keighley, England) and Fortec 
(Cyprane Keighley), respectively, and their concen- 
trations were measured and adjusted with an Atom 
303 anesthetic agent monitor (Atom Co., Tokyo, 
Japan). In our previous study (11) using the same 
method of halothane and isoflurane administration, 
the concentrations of halothane and isoflurane dis- 
solved in the bathing fluid measured by gas chroma- 
tography reached equilibrium within 10 and 15 min, 
respectively. 

For the mechanical experiments, each strip was 
vertically fixed between two hooks under a resting 
tension of 1.0g, and the hook anchoring the upper 
end was connected to the lever of a force-displace- 
ment transducer (Toyo Baldwin T7-240, Japan); 
change in isometric tension was displayed on an 
ink-writing oscillograph (Rectigraph 8K, Nihondenki- 
Sanei Co., Japan). To confirm the integrity of the 
endothelium, moderate constriction was induced 
with phenylephrine (3 x 1077 M), and when the 
tension had been stabilized, acetylcholine (10~° M) 
was added to the bathing fluid, followed by papav- 
erine (1074 M); strips in which acetylcholine-induced 
relaxation was >60% of that induced by papaverine 
were considered to have intact endothelium and were 
used in the study. After washing with fresh bathing 
fluid every 10 min at least three times, each strip was 
pretreated with 10°? M indomethacin for 15 min to 
avoid formation of prostanoids, including PGI. Sub- 
sequently, contraction was again induced with phe- 
nylephrine (3 x 1077 M), and when the tension had 
been stabilized, one of the relaxants, acetylcholine 
(10-8 to 107° M), ionophore A23187 (3 x 10°* to 10° 
M), nitroglycerin (10~’ to 107° M), or sodium nitro- 
prusside (107° to 10™° M), was added cumulatively to 
the bathing fluid. In the anesthetic-treated groups, 
the bathing fluid was aerated continuously with a gas 
mixture containing halothane or isoflurane for 20 min 
before and during application of relaxants. At the end 
of the response to each relaxant, 10™* M papaverine 
was added to the bathing fluid, and the relaxation 
induced by each concentration of relaxant was com- 
pared as a percentage relative to the maximal relax- 
ation induced by papaverine. A preliminary study 
had shown that the effects of acetylcholine, nitroglyc- 
erin, and nitroprusside were restored completely by 
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washing, whereas that of A23187 persisted even after 
repeated washing. Therefore, the response to A23187 
was measured only once in each strip. The responses 
to acetylcholine, nitroglycerin, and nitroprusside 
were examined twice or more in each strip, and the 
orders of the control, halothane, and isoflurane stud- 
ies were randomized. 

For determination of cGMP, one pair of strips was 
obtained from each rat; one of each pair was used for 
treatment with halothane or isoflurane and the other 
was used as a control. Both were suspended in the 
organ bath without tension, and after a 60-min equil- 
ibration period, the bathing fluid was aerated contin- 
uously with gas containing halothane (2%) or isoflu- 
rane (2%) 20 min before and during exposure to 
acetylcholine or A23187. Subsequently (for the basal 
level), 1 min after administration of acetylcholine 
(107° M) or 2 min after administration of A23187 (1077 
M), the strips were quick-frozen in liquid nitrogen 
and homogenized in 6% trichloroacetic acid. After 
ether extraction and succinylation (12), the samples 
were radioimmunoassayed for cGMP with a Yamasa 
cGMP assay kit (Yamasa Shoyu Co., Chiba, Japan). 

Drugs used were halothane (Takeda Pharmaceuti- 
cal Co., Osaka, Japan), isoflurane (Dainabot, Osaka, 
Japan), acetylcholine (Daiichi Pharmaceutical Co., 
Tokyo, Japan), A23187 (Sigma, St. Louis, Mo.), nitro- 
glycerin (Green Cross Co., Osaka, Japan), sodium 
nitroprusside (Nacalai Tesque, Kyoto, Japan), indo- 
methacin (Sigma), and papaverine hydrochloride 
(Dainippon Pharmaceutical Co., Osaka, Japan). 
A23187 was dissolved in dimethylsulfoxide, the final 
concentration of which was <0.01%. Indomethacin 
was dissolved in ethanol, the final concentration of 
which was <0.1%. In a preliminary study, 0.1% 
dimethylsulfoxide or ethanol did not induce any 
effect on tension. Acetylcholine and sodium nitro- 
prusside were dissolved in distilled water. Tubes and 
organ baths containing sodium nitroprusside were 
covered with black paper to prevent light degrada- 
tion. Drugs except halothane and isoflurane were 
diluted with distilled water as necessary and added 
directly to the bathing fluid; the volume added was 
<100 uL (1% of the bathing fluid). 

All results are expressed as mean values + SEM. 
The effects of anesthetics on cGMP levels were ana- 
lyzed statistically by Student’s t-test for paired data. 
Other data were analyzed statistically by analysis of 
variance and the Newman-Keuls multiple-range test. 
Differences at P < 0.05 were considered significant. 


Results 


Phenylephrine (3 x 107” M)-induced precontractions 
averaged 560 + 33 mg (n = 34) in control strips, 520 + 
101 mg (n = 7) and 456 + 78 mg (n = 24) in strips 
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Figure 1. Modification by halothane (Hal) (1% and 2%) of ieee 
choline-induced relaxation. Maximal relaxation induced by pa 
erine (1074 M) was taken to be 100%, the absolute value abe wW ch 
averaged 468 + 88 mg (n = 6) in control, 543 + 115 mg (n = 7) in 
1% halothane-treated, and 399 + 87 mg (n = 6) in 2% Saisie 
treated strips. **P < 0.01 versus aren 
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Figure 2. Modification by isoflurane (Iso) (1% and 2%) of ael 


choline-induced relaxation. Maximal relaxation induced by pa 
erine (1074 M) was taken to be 100%, the absolute value of w ich 
averaged 500 + 57 mg (n = 6) in control, 419 + 36 mg (n = 7) in 1% 
isoflurane-treated, and 323 + 103 mg (n = 7) in 2% isoflurane- 
treated strips. *P < 0.05, *P < 0.01 versus control. 


treated with halothane at 1% and 2%, respectively, 
and 387 + 54 mg (n = 7) and 441 + 45 mg (n = 25) in 
those pete with isoflurane at 1% and 2%, respec- 
< Icholine (107° to 107° M), A23187 (3 x 

to i M), nitroglycerin (107? to 107° M), and. 
oan nitroprusside (107? to 10~° M) induced con- 
centration-dependent relaxations of phenylephrine, 
(3 x 1077 M)-precontracted aortic strips. The concen- 
tration-relaxant response curve for acetylcholine was 
shifted upward by halothane and isoflurane (1%-2%) 
in a concentration-dependent manner (Figures 1 and 
2). A typical recording is shown in Figure 3. In 
contrast, the relaxing res sponse to A23187 relative to 
that to papaverine (10 * M) was not significantly 
altered by halothane (2%) or isoflurane (2%) (Figure 
4). The responses to nitroglycerin or sodium nitro- 
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Figure 3. Actual recording of change in tension induced by ace- 
tylcholine (107° to 107° M) of aortic strip untreated or treated with 
isoflurane (2%). Numbers indicate concentrations of acetylcholine 
in log (M). PA, 1074 M papaverine. 
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Figure 4. Modification by halothane (Hal) (2%) and isoflurane (Iso) 
(2%) of A23187-induced relaxation. Maximal relaxation induced by 
papaverine (1074 M) was taken to be 100%, the absolute value of 
which averaged 522 + 69 mg (n = 6) in control, 379 + 82 mg (n = 
6) in 2% halothane-treated, and 468 + 48 mg (n = 6) in 2% 
isoflurane-treated strips. 


prusside did not differ between control and 
halothane (2%)- or isoflurane (2%)-treated strips (Fig- 
ures 5 and 6). 

Table 1 shows the cGMP contents of aortic strips 
without stimulation and those of strips stimulated by 
acetylcholine (107° M) and by A23187 (1077 M). The 
cGMP levels of strips stimulated by acetylcholine 
(107° M) were significantly reduced by exposure to 
halothane (2%) and isoflurane (2%) (Figure 7). Cyclic 
GMP levels under basal and A23187 (1077 M)- 
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Figure 5. Modification by halothane (Hal) (2%) and isoflurane (Iso) 
(2%) of relaxation induced by nitroglycerin. Maximal relaxation 
induced by papaverine (1074 M) was taken to be 100%, the 
absolute value of which averaged 626 + 43 mg (n = 8) in control, 
430 + 55 mg (n = 6) in 2% halothane-treated, and 547 + 89 mg (n 
= 6) in 2% isoflurane-treated strips. 
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Figure 6. Modification by halothane (Hal) (2%) and isoflurane (Iso) 
(2%) of relaxation induced by sodium nitroprusside (SNP). Maxi- 
mal relaxation induced by papaverine (10~* M) was taken to be 
100%, the absolute value of which averaged 699 + 85 mg (n = 8) in 
control, 455 + 68 mg (n = 6) in 2% halothane-treated, and 598 + 
17 mg (n = 6) in 2% isoflurane-treated strips. 


stimulated conditions were slightly reduced by expo- 
sure to halothane (2%) and isoflurane (2%). 


Discussion 


Vascular endothelium plays an important role in the 
regulation of vascular tone by releasing relaxants and 
constrictors, including EDRF (1-3),. PGI, (13), and 
endothelin (14). Endothelium-derived relaxing factor 
is now considered to be identical to nitric oxide (NO) 
(15,16), which is formed by NO synthase from L-argi- 
nine in the endothelium, and activates guanylate 
cyclase to form cGMP in vascular smooth muscle, 
which induces relaxation (2,3). Moreover, it has been 
reported recently that NO is formed not only in the 
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Table 1. Cyclic GMP (cGMP) Contents of Rat Aortic 
Strips With or Without Stimulation, Unexposed or 
Exposed to Halothane (2%) or Isoflurane (2%) 


Stimulus for cGMP cGMP content 
formation Anesthetic (pM/g wet wt) 
None (n = 8) None 64.4 + 9.1 
Hal (2%) 56.2 + 6.5 
ACh (107° M) (n = 6) None 288.7 + 64.4 
Hal (2%) 117.9 + 27.2 
A23187 (10-7 M (1 = 7) None 121.7 + 13.6 
Hal (2%) 99.3 + 13.2 
None (n = 7) None 70.1 + 7.4 
Iso (2%) 55.5 + 10.5 
ACh (1077 M) ín = 8) None 317.8 + 96.8 
Iso (2%) 49.1 + 7.5" 
A23187 (1077) (n = 7) None 116.1 + 19.0 
Iso (2%) 86.7 + 12.0 
Hal, halothane; Iso, isoflurane; ACh, acetylcholine. 
‘p < 0.06 vs without anesthetic. 
Acetylcholine - 
1000 stimulated 
100 
me 





cGMP (pmol/g w w) 





al T Mr 

C H C il 
Figure 7. Cyclic GMP (cGMP) contents of rat aortic strips after 
1-min to acetylcholine (107° M). *P < 0.05 versus control 
(C) (n = 6 and 8). H, halothane (a = 6); I, isoflurane (n = 8); gww, 
grams wet weight. , 


endothelium but also in the central nervous system 
(17,18), macrophages (19), neutrophils (20), and even 
vascular smooth muscle (21,22). 

Formation of NO is activated by an increase of 
intracellular free Ca** in the endothelium elicited on 
stimulation of specific receptors located on the endo- 
thelial cell membrane, application of Ca** iono- 
phores, and physical stimulation, such as stretching 
of the endothelium (23). Furthermore, it is known 
that NO is formed in the endothelium even without 
stimulation (3), resulting in a higher cGMP level in 
the aorta with intact endothelium than in endotheli- 
um-denuded aorta under basal conditions. In the 
present study, the basal level of cGMP in rat aorta 
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with intact endothelium was slightly decreased by 2% 
halothane, although in our previous study (9), 
halothane increased the cGMP content of rat aorta 
whose endothelium had been removed. This differ- 
ence in the effects of halothane on cGMP levels in the 
presence and absence of endothelium could be ex- 
plained by the view that halothane increased the 
endothelium-independent formation of cGMP but 
decreased the endothelium-dependent basal produc- 
tion of cGMP, resulting in a slight decrease in the 
total level of cGMP in vascular smooth muscle with 
intact endothelium. 

Blaise and coworkers (7) demonstrated that isoflu- 
rane inhibited the contraction induced by prostaglan- 
din F,, in dog epicardial coronary artery with intact 
endothelium but not in endothelium-denuded artery 
and hypothesized that isoflurane caused the release 
of EDRF or facilitated its action on vascular smooth 
muscle. However, the present study clearly showed 
that the basal level of cGMP was not increased but 
was slightly decreased by isoflurane, at least in the 
absence of vasoconstrictors. This result indicates that 
in rat aorta, isoflurane does not stimulate EDRF 
formation, although the involvement of PGI, forma- 
tion cannot be ruled out. This is in good agreement 
with the findings of Brendel et al. (10) who used rat 
aorta and may suggest that isoflurane modifies en- 
dothelium-dependent relaxation differently in rat 
aorta and canine coronary artery. 

Ionophores increase the permeability to divalent 
cations of intracellular organelles, such as the sarco- 
plasmic reticulum, and that of the plasma membrane, 
resulting in increase of intracellular free Ca** and 
other divalent metal cations. The ionophore A23187 
at low concentrations induces an increase of cytosolic 
free Ca** in endothelial cells but not in vascular 
smooth muscle, causing endothelium-dependent re- 
laxation of vessels (3). However, at high concentra- 
tions, it induces an increase of free Ca** in vascular 
smooth muscle cells, causing endothelium-indepen- 
dent constriction (24,25). The increase of intracellular 
free Ca** elicited by the ionophore also activates 
various endothelial enzymes, including phospholi- 
pase (26), which may modify the responses to the 
ionophore. 

In our study, the A23187 (1077 M)-stimulated level 
of cGMP in strips exposed to halothane (2%) and 
isoflurane (2%) was slightly lower than in unexposed 
strips, although the relaxation induced by A23187 
(3 x 1078 to 107° M) was not significantly affected by 
halothane or isoflurane. In contrast, Uggeri and 
Johns (27) observed that halothane did attenuate the 
endothelium-dependent relaxation elicited by A23187 
(107? to 1077 M). The discrepancy between our find- 
ings and theirs may be explained partly by the 
assumption that the potency of the inhibitory effect of 
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anesthetics on EDRF formation differed quantita- 
tively, depending on experimental conditions, or that 
other nonspecific effects of the ionophore modified 
the responses differently in the two studies. 

Our present work clearly demonstrated that isof- 
lurane and halothane attenuated acetylcholine- 
induced relaxation and cGMP formation in vascular 
smooth muscle. Precontractions induced by phenyle- 
phrine (3 x 107” M) were smaller in strips treated 
with halothane or isoflurane than in control strips, 
because these anesthetics have an inhibitory effect on 
contractions in vascular smooth muscle (6,9,11). 
However, the attenuation of the response to acetyl- 
choline by anesthetics cannot be ascribed to the 
diminished precontractions, because relaxing re- 
sponses to nitroglycerin and sodium nitroprusside 
relative to the maximal response to papaverine did 
not differ in control and 2% anesthetic-treated strips. 
Moreover, as nitro compounds, including nitroglyc- 
erin and sodium nitroprusside, activate guanylate 
cyclase in vascular smooth muscle directly, these 
findings indicate that these anesthetics do not exert 
their inhibitory effect on guanylate cyclase in vascular 
smooth muscle, but rather on NO synthesis in the 
endothelium. 

The MAC of halothane is lower than that of 
isoflurane; 2% halothane is approximately 2.2 MAC 
and 2% isoflurane 1.7 MAC (28). Therefore, the 
finding that 2% isoflurane abolished the increase of 
cGMP activated by acetylcholine, whereas 2% 
halothane attenuated it, indicates that isoflurane in-- 
hibits the response to acetylcholine more strongly 
than an equipotent dose of halothane. 

Acetylcholine-induced relaxation and cGMP for- 
mation showed a higher susceptibility to both 
halothane and isoflurane than those induced by the 
ionophore A23187, suggesting that the action of these 
anesthetics in the endothelium is not limited to direct 
inhibition of Ca**-induced activation of NO synthe- 
sis. Because acetylcholine is known to bind to specific 
receptors on the endothelial plasma membrane that 
increase the release of Ca** (29) or increase Ca** 
influx through the non-t-type Ca?* channel (30), it 
appears that these anesthetics affect the receptor for 
acetylcholine or G-protein (31,32) or directly block the 
influx or release of Ca** (33), possibly in addition to 
their less potent, direct inhibitory effect on NO syn- 
thesis. Further study will be required to test this 
hypothesis and elucidate the responsible mecha- 
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This study compared the effect of ketorolac tro- 
methamine with that of morphine and placebo on 
biliary tract pressure. Intraoperatively, 31 anesthe- 
tized patients received either ketorolac (30 mg IV, 
n = 16) or morphine (5 mg IV, n = 15) after a 
cholecystectomy or gallstone removal. Intrabiliary 
tract pressure was measured 5 min after dosing. 
Postoperatively, 11 patients who had undergone 
biliary tract surgery received 10 mg of ketorolac or 
placebo, according to a randomized crossover de- 
sign on 2 consecutive days. Intraoperatively, the 


arcotic agonist drugs, such as fentanyl or 

morphine, can increase intrabiliary pressure 

in animals (1,2) and humans (3,4), although 
the effects of mixed agonist-antagonist opioids may 
be less (1-3). The use of these drugs can be associated 
with pain mimicking biliary colic or myocardial in- 
farction in the conscious patient (5) or with failure of 
contrast medium to pass into the duodenum during 
intraoperative cholangiography in the anesthetized 
subject (6). In both circumstances, unnecessary inter- 
ventions may result from the iatrogenic events. The 
absence of any effect on biliary tract dynamics would 
thus be an advantage for an analgesic. Moreover, 
although narcotic agonists are regularly used to treat 
biliary colic, an analgesic that does not raise intrabil- 
iary pressure would seem more logical for use in this 
condition. Ketorolac tromethamine (hereafter re- 
ferred to as ketorolac) is a nonnarcotic analgesic 
whose principal mode of action is through prosta- 
glandin synthetase inhibition (7). In the parenteral 
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biliary tract pressure did not change significantly 
from baseline after ketorolac administration. In the 
morphine group, there was significant increase in 
pressure over baseline. Postoperatively, there was no 
significant difference between ketorolac and pla- 
cebo. We conclude that ketorolac has little or no 
effect on biliary tract dynamics; therefore, ketorolac 
may be a logical choice for analgesia in those sit- 
uations in which spasm of the biliary tract is 
undesirable. 

(Anesth Analg 1992;75:204—7) 


. formulation, doses of 10-30 mg have shown an 


analgesic efficacy comparable to that of 10 mg of 
morphine or similar equianalgesic doses of other 
narcotics (8,9). Because prostaglandins can be in- 
volved in both contraction and relaxation of smooth 
muscle, the resultant action of this class of drugs on 
the biliary tract is not obvious. We therefore deter- 
mined the effects of ketorolac compared with those of 
morphine and placebo in two separate studies. The 
intravenous route was chosen to ensure total bio- 
availability of the drugs, although ketorolac is admin- 
istered largely through the intramuscular route. A 
dose of 30 mg of ketorolac was used intraoperatively 
and 10 mg postoperatively because these are the 
doses most commonly used at these times. 


Methods 


Male and female subjects undergoing biliary tract 
surgery were entered into the study. Patients were 
excluded who had clinically significant cardiovascular 
or renal disease or who had irreversible liver dysfunc- 
tion such as cirrhosis. Jaundice per se was not an 
exclusion criterion. Two studies were conducted con- 
currently, and patients were entered into one or the 
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other, or both, depending on the type of gallbladder 
surgery or whether a T-tube drain was inserted and, 
if so, whether it was maintained until the postoper- 
ative study. The study protocols were approved by 
the hospital ethical committee, and informed consent 
was obtained from each subject before study entry. 

In the intraoperative study, patients were studied 
immediately after a cholecystectomy or removal of 
stones from the gallbladder while still anesthetized. 
The study was of parallel-group, double-blind, ran- 
domized design. The two treatment groups received 
either ketorolac (30 mg IV) (Syntex Research, Maiden- 
head, U.K.) or morphine (5 mg IV). After intravenous 
induction, anesthesia was maintained by administra- 
tion of muscle relaxant and an inhaled anesthetic 
(halothane, n = 30; isoflurane, n = 1; enflurane, n = 
4) with nitrous oxide/oxygen ventilation. To ensure 
satisfactory anesthetic status, three patients required 
fentanyl intraoperatively (two in the ketorolac group 
and one in the morphine group). Biliary tract pres- 
sure was measured with a modified Caroli apparatus 
(3). After two consistent baseline measurements, the 
intravenous test medication was administered 
slowly, and the intrabiliary tract pressure measure- 
ment repeated 5 min after dosing. 

In the postoperative study, patients with biliary 
tract surgery requiring insertion of a T-tube drain 
were studied. The study was a two-period crossover 
double-blind design, with randomized assignment of 
treatment to periods, and was conducted on days 4 
and 5 after surgery. The treatments used in the 
periods were ketorolac (10 mg IV) and intravenous 
placebo (ketorolac vehicle containing ethanol, so- 
dium chloride, sodium hydroxide, and water). On 
the trial days, no narcotic analgesia was allowed in 
the 4-h period before administration of the test med- 
ication. A Statham element pressure transducer was 
inserted through a catheter into the T-tube, and 
biliary tract pressure was measured continuously. To 
ensure a stable baseline, the biliary tract pressure was 
required to change by <5 mm Hg for a period of at 
least 10 min before the test medication was adminis- 
tered. After administration, the biliary tract pressure 
was recorded continuously for 1 h on a chart re- 
corder. The maximal pressure during this time was 
then noted, and the maximal change in biliary tract 
pressure was calculated as the maximal minus the 
baseline value. The time taken for biliary tract pres- 
sure to return to control levels was then recorded. 

For analysis of the intraoperative study, the mean 
of the two pretreatment measurements of biliary 
pressure was used as the baseline value. Statistical 
comparison between treatment groups of the change 
from baseline to the 5-min posttreatment biliary pres- 
sures was performed using a two-sample t-test. For 
each treatment group, a within-treatment compari- 
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Table 1. Patient Demography for Intraoperative Study 


Ketorolac (30 mg) Morphine (5 mg) 
(n = 16) (n = 15) 

Gender 

Male 4 (25%) 3 (20%) 

Female 12 (75%) 12 (80%) 
Age (yr) 

Mean 54 56 

SEM 3.9 3.4 

Range 20-75 31-75 
Weight (kg) 

Mean 69 70 

SEM 2.8 2.8 

Range 47-91 5486.5 


Table 2. Patient Demography for Postoperative Study 


Total (n) 11 
Ketorolac 10 mg/placebo (n) 5 
Placebo/ketorolac 10 mg (n) 6 
Gender 

Male 4 (36%) 

Female 7 (64%) 
Age (yr) 

Mean 60 

SEM 2.6 

Range 39-74 
Weight (kg) 

Mean 72 

SEM 4.7 

Range 47-99 

Four patients entered both studies. 


son was also made between the posttreatment and 
baseline values using a paired t-test. For the cross- 
over design of the postoperative study, the maximal 
change in biliary pressure from baseline was ana- 
lyzed with analysis of variance. The model included 
sequence, patient within sequence, and period effects 
as well as treatment effects. Al statistical tests were 
two-tailed, with a 5% level of significance. 


Results 


Thirty-five patients entered the intraoperative study, 
of whom four were excluded from analysis (one 
patient with liver metastases and three patients with 
technical problems during the pressure measure- 
ments). Of the remaining 31 patients, 16 received 
ketorolac and 15 received morphine. All patients 
underwent cholecystectomy. As shown in Tables 1 
and 2, the groups were similar for clinical character- 
istics. Four of these patients were subsequently en- 
tered into the postoperative part of the study. 

A total of 11 patients entered the postoperative 
study. Five received ketorolac and six received pla- 
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Table 3. Intraoperative Biliary Tract Pressures (mm Hg) 





Ketorolac Morphine 
{n = 16) (n = 15) 
Baseline 
Mean 9.49 9.39 
SEM 0.76 0.81 
Range 4.88 to 16.47 3.52 to 13.73 
Posttreatment 
Mean 8.76 10.98 
SEM 0.65 1.10 
Range 5.40 to 14.06 3.66 to 18.87 
Change (posttreatment ~ 
baseline) 
Mean =O 5 1.59 
SEM 0.40 0.40 
Range ~5,00 to 1.41 ~0.15 to 5.14 
P value 0.09 0.001 





Comparison between treatments: treatment difference (morphine- 
ketorolac), 2.32; statistical significance, P < 0.001; 95% confidence interval, 
1.17 to 3.47. 


cebo in the first period. Ten patients underwent 
cholecystectomy (including the four studied intraop- 
eratively) and biliary tract surgery; one had common 
bile duct surgery only. Clinical characteristics are 
shown in Table 2 and are broadly similar to the 
intraoperative group. 

The results of the intraoperative pressure measure- 
ments are shown in Table 3. In the ketorolac treat- 
ment group, the small mean decrease in biliary 
tract pressure did not reach statistical significance. 
In contrast, the morphine treatment group showed 
a mean increase in biliary tract pressure that was 
Statistically significant. The between-group compari- 
son showed a Statistically significant increase of 
>2 mm Hg biliary tract pressure with morphine 
relative to ketorolac. 

Table 4 shows the results of the postoperative 
biliary tract pressure measurements. The pooled 
mean increase in maximal pressure of 0.57 mm Hg for 
ketorolac relative to placebo was not statistically 
significant. The period effect was not significant, and 
the treatment effect was consistent across periods. 
On both days, the measured absolute biliary pres- 
sures were considered, with one exception, not to 
have returned to normal levels, and therefore the 
time taken for this to occur was not recorded. 


Discussion 


In studying the effect of ketorolac on biliary tract 
pressure, two separate models were used. Both mod- 
els have particular advantages and limitations. In the 
intraoperative study, the measurements were done 
against a background of immediately preceding sur- 
gical interference and multiple other anesthetics. 
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Table 4. Maximal Increase in Biliary Tract Pressure 
(mm Hg) in Postoperative Patients 








Sequence Period 1 Period 2 Ketorolac Placebo 
Ketorolac/placebo 
(n = 5) 
Mean 1.10 0.52 1.10 0.52 
SEM 0.71 0.28 
Range =U21037. 0 tol 
Placebo/ketorolac 
(7 = 6) 
Mean 0.25 0.80 0.80 0.25 
SEM 0.37 0.28 
Range Ae tO. Ueto 13 
Overall mean’ 0.95 0.39 





Treatment difference (ketorolac-placebo}, 0.57; statistical significance, 
P = 0.26; 95% confidence interval, ~—0.49 to 1.62; maximum increase = 
maximum ~ baseline. 

“Means adjusted for imbalance in number of patients in each sequence. 


These influences may have moved the baseline away 
from the resting state so that responsiveness to 
opioid actions may have been altered. An opioid 
comparator therefore seems appropriate in this 
model. It was essential to minimize interference with 
normal operative procedure, in particular the dura- 
tion of anesthesia. Therefore, the time between drug 
administration and pressure measurement had to be 
kept minimal. A parallel group design and use of the 
intravenous route were thus prerequisites. The intra- 
operative use of positive pressure ventilation allows 
safe intravenous use of the opioid. Because of the 
time restrictions, measured biliary pressure differ- 
ences may not be maximal or may not have occurred 
at the time of maximal pharmacodynamic effect of the 
study drugs. This is a limitation of the model, and the 
possibility exists that the maximal effect of ketorolac 
may have occurred later. A further potential limita- 
tion is that only one dose of ketorolac was studied. 
Previous studies of the pharmacologic effect of differ- 
ent doses of ketorolac have indicated no dose re- 
sponse (10), and therefore only one dose was se- 
lected. 

In the intraoperative study, the patients under- 
went a simple cholecystectomy in which the biliary 
system was not potentially altered by the effects of 
obstruction and inflammation before surgery. In 
this model, 5 mg of morphine led to a significant 
within-patient mean increase in biliary pressure of 
1.6 mm Hg, representing a 17% increase from base- 
line. This is comparable to the 23% increase over 
baseline with fentanyl (100 wg IV) reported by Mc- 
Cammon et al. (3) who used a similar model and 
methodology. In contrast, ketorolac (30 mg IV) did 
not significantly alter biliary pressure. Butorphanol, 
fentanyl, and nalbuphine all increase biliary pressure 
(3), although the increase shown with nalbuphine 
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was not statistically significant. In this model, ketor- 
olac had little or no effect on biliary tract pressure 
under circumstances in which morphine and other 
opioids have shown significant increases. 

The second model studied patients 4-5 days post- 
operatively when concomitant medication use is min- 
imal and consists mainly of relatively low doses of 
analgesics. However, the presence of a T-tube may 
itself alter biliary tract dynamics; for example, me- 
chanical irritation may alter both smooth muscle 
responsiveness and bile duct compliance. A cross- 
over design thus seems most appropriate because the 
occurrence of these factors in a given patient, al- 
though unknown, is likely to be consistent over the 
24 h or so of the study period and there are also fewer 
available patients than for the intraoperative model. 
Carryover effects are unlikely from single doses of 
ketorolac, whose plasma half-life is 4-6 h (11). The 
model has the advantage that measurements may be 
recorded continuously over 1 h or more, allowing 
definition of both a stable baseline and the maximal 
effect after drug administration. 

Intravenous placebo was used in the postoperative 
study partly because an active control had been used 
in the intraoperative study and partly because use of 
intravenous narcotics in the late postoperative phase 
is unusual and probably unwarranted. The intrave- 
nous ketorolac dose of 10 mg was lower than that 
used intraoperatively; ketorolac has a flat dose- 
response curve for analgesia at doses beyond 10 mg, 
so that the peak effect of 10- and 30-mg doses are not 
dissimilar (7). Assuming that the same would be true 
of the effect on the biliary tract, and because maximal 
effect could be measured, the 10-mg dose was chosen 
because this is the recommended dose for use in the 
late postoperative course through both parenteral 
and oral routes. Compared with placebo, ketorolac 
showed a small increase in the maximal biliary pres- 
sure, although this was not statistically significant. 
The mean increase seen with ketorolac relative to 
placebo was 25% of the increase seen with morphine 
relative to ketorolac, assuming that the responsive- 
ness of the two models was comparable. A poststudy 
power calculation showed that a difference of 
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1.31 mm Hg between ketorolac and placebo could be 
detected. The 95% confidence interval shows that the 
difference is unlikely to be >1.6 mm Hg. 

We conclude that ketorolac has little or no effect on 
biliary tract dynamics relative to morphine. The an- 
algesic efficacy of ketorolac appears to be as good as 
that from the usual doses of morphine or other opioid 
agonists (7). In some clinical situations, spasm of the 
biliary tract is critically undesirable, such as in retro- 
grade endoscopic biliary procedures. For other situa- 
tions, an increase in biliary tract pressure seems best 
avoided, such as in the treatment of postoperative 
pain after biliary surgery. Ketorolac would then seem 
a logical choice of analgesic. 
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The effects of intraarticular bupivacaine, systemic 
ketorolac, and a combination of both treatments on 
postoperative pain and mobilization were evaluated 
in 60 healthy outpatients undergoing arthroscopic 
knee surgery under general anesthesia. After induc- 
tion of anesthesia, patients received 2 mL of either 
ketorolac (60 mg) or saline solution (1 mL IV and 1 mL 
IM). On completion of surgery, the patient’s knee 
joint was injected with 30 mL of either 0.5% bupiv- 
acaine or saline solution, according to a randomized, 
' double-blind protocol. Only one patient (6%) receiv- 
ing both medications complained of pain on awaken- 
ing, compared with seven patients receiving either. 
bupivacaine (37%) or ketorolac (41%) alone. Postop- 
erative fentanyl was required by significantly fewer 


he use of intraarticular local anesthetics has 

been shown to facilitate mobilization and de- 

crease postoperative analgesic requirements af- 
ter outpatient arthroscopic knee surgery (1). How- 
ever, the use of local anesthetics does not appear to 
alter patients’ perception of their postoperative pain 
(1-4). Possible explanations for this finding include 
pain from sites other than the knee joint (e.g., hip 
and back pain from patient positioning); loss of local 
anesthetic solution from the arthroscopy portals; and 
a peripheral inflammatory response to the surgical 
stimulus. Thus, it is possible that the use of an 
analgesic medication with a different site of action 
may provide improved pain relief after this ambula- 
tory surgical procedure. 

Ketorolac tromethamine is a nonsteroidal antiin- 
flammatory drug that has been shown to exert con- 
siderable opioid-sparing properties when used to 
provide analgesia after a wide variety of surgical 
procedures (5-7). We designed this randomized, 
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patients receiving combined therapy (n = 4, 21%) 
than either bupivacaine (n = 13, 62%) or ketorolac 
(n = 12, 60%) alone; however, there were no significant 
differences among the three treatment groups in terms 
of perioperative pain, nausea, or sedation visual ana- 
logue scale scores. Similarly, there were no differences 
in the times to ambulation or discharge or in analgesic 
requirements at home. In conclusion, a combination of 
systemic ketorolac and intraarticular bupivacaine de- 
creased analgesic requirements and pain on awakening 
after arthroscopic surgery. However, the use of ketor- 
olac alone or in combination with buptvacaine offered 
no advantage over bupivacaine alone with respect to 
recovery times after outpatient arthroscopy. 

(Anesth Analg 1992;75:208-12) 


double-blind study to investigate the effects of sys- 
temic ketorolac, intraarticular bupivacaine, and a 
combination of both on pain, analgesic requirements, 
and recovery after outpatient arthroscopic knee sur- 


ery. 


Methods 


Written, informed consent was obtained from 60 
healthy outpatients scheduled to undergo arthro- 
scopic knee surgery under general anesthesia. Pa- 
tients were assigned to one of three treatment groups 
with a computer-generated random number se- 
quence: group I received systemic saline solution and 
intraarticular 0.5% bupivacaine (30 mL); group HI 
received systemic ketorolac (60 mg) and intraarticular 
saline solution; group MI received systemic ketorolac 
(60 mg) and intraarticular 0.5% bupivacaine (30 mL). 
This randomized, double-blind protocol was ap- 
proved by the Human Studies Committee at Wash- 
ington University School of Medicine. Patients with a 
history of hypersensitivity to local anesthetic or non- 
steroidal antiinflammatory agents, as well as those at 
increased risk for gastrointestinal hemorrhage, were 
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excluded from participation in the study. All patients 
fasted for at least 6 h before surgery and received no 
preanesthetic medication. Before induction of anes- 
thesia, patients completed baseline 100-mm visual 
analogue scales (VAS) for pain, sedation, and nausea 
(from 0 = none to 100 = maximal effect). 

After insertion of an intravenous cannula and place- 
ment of routine intraoperative monitoring devices, pa- 
tients received a standardized general anesthetic tech- 
nique, consisting of fentanyl (1 g/kg) and propofol 
(2 mg/kg IV) for induction of anesthesia, followed by a 
variable-rate propofol infusion (50-160 ug-kg~*-min™’) 
and nitrous oxide, 67% in oxygen, for maintenance of 
anesthesia. Patients breathed spontaneously through- 
out the operation. After induction of anesthesia, pa- 
tients were given 2 mL of the study medication contain- 
ing either ketorolac (60 mg) or saline solution (1 mL IV 
and 1 mL into the deltoid muscle). At the end of the 
operation, the patient’s knee joint was injected through 
one of the arthroscopy portals with 30 mL of a second 
solution containing either saline solution or 0.5% 
bupivacaine. Both study medications were supplied by 
the hospital pharmacy in numbered syringes, with the 
anesthesiologist, surgeon, and patient unaware of their 
contents. 

On completion of the operation, the propofol in- 
fusion and nitrous oxide were simultaneously discon- 
tinued. The times from the end of anesthesia until 
awakening (defined as spontaneous eye opening), 
sitting up in a chair, tolerating oral fluids, ambulat- 
ing, being judged “fit for discharge,” and hospital 
discharge were recorded by an observer unaware 
of the study technique. Mobilization was facilitated 
by the use of crutches (all patients received in- 
struction in their use preoperatively). Patients were 
encouraged to sit up and begin the mobilization 
process when they felt able, without any predefined 
time constraints. Patients were considered to be fit 
for discharge from the postanesthesia care unit 
(PACU) when they were orientated to time and 
place, had stable vital signs on sitting up, could void 
urine, and were able to ambulate (with the use of 
crutches). 

A standard three-lead electrocardiogram was used 
to monitor heart rate and rhythm during the first 
30 min in the PACU. Postoperative pain was treated 
with fentanyl (25 ug IV) bolus doses. The patients’ 
postoperative requirements for analgesic and anti- 
emetic medications were recorded. Patients were 
asked “are you in pain?” on arrival in the PACU 
and at subsequent 15-min intervals, and a simple 
yes/no answer was recorded. The patients’ assess- 
ment of postoperative sedation, pain, and nausea 
was further evaluated with the 100-mm VAS at 
15-min intervals after surgery for the first hour of 
recovery and at the time of discharge. The patients 
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were contacted the day after surgery by a research 
nurse (also unaware of the study technique) who 
inquired about their overall physical condition and their 
use of analgesic medication after discharge from the 
outpatient surgery center. Finally, patients completed a 
questionnaire concerning pain, mobilization, and anal- 
gesic use at home that was returned (in a preaddressed 
envelope) on resuming normal activities. 

Data are expressed as mean values + sp. Contin- 
uous variables were analyzed with analysis of vari- 
ance, with Bonferroni’s correction applied to multiple 
comparisons among groups, and descriptive varia- 
bles were analyzed with the y-test. A P value of 
<0.05 was considered statistically significant. 


Results 


There were no significant differences among the three 
treatment groups with respect to age, weight, height, 
gender distribution, ASA physical status, duration 
and nature of surgery, or total dose of propofol 
administered (Table 1). Preoperative VAS scores for 
pain, sedation, and nausea were also similar in all 
three groups. Significantly fewer patients in group H 
(n = 1, 6%) complained of pain when directly ques- 
tioned on arrival in the PACU compared with pa- 
tients in groups I (n = 7, 37%) and Il (n = 7, 41%) 
(P = 0.04) (Figure 1). There was also a significant 
difference in the number of patients in pain after 
30 min in the PACU (Figure 1). In contrast, there was 
no difference among the groups in their assessment 
of postoperative pain according to the VAS (Figure 2). 

Significantly fewer patients in group II (bupiv- 
acaine and ketorolac) required opioid analgesia in the 
PACU than patients in the other two treatment 
groups (P = 0.01) (Table 2). These patients also 
requested medication significantly later than patients 
in the other two groups (Table 2). More than 75% of 
all the patients we studied had pain that necessitated 
the use of oral analgesics at home. There was a 
tendency for postdischarge analgesic requirements to 
be higher in patients in group I, although this trend 
did not reach statistical significance. Three patients 
(one in group II and two in group M) could not be 
contacted by telephone the following day. 

All three groups of patients had similar times to 
awakening from anesthesia and did not differ signif- 
icantly from one another in the times for subsequent 
recovery events (Figure 3). Patients were judged to be 
“home ready” at 127 + 24, 140 + 29, and 146 + 
35 min from the end of anesthesia in groups I, I, and 
IM, respectively. Follow-up questionnaires were re- 
turned by 27 patients (approximately 50% in each 
group). The analgesic requirements and mobilization 
patterns of these patients did not differ among the 
three treatment groups. The median time required for 
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Table 1. Patient Demographic Characteristics in the Three Treatment Groups 
Group IH 
Group | Group II (Bupivacaine + 
(Bupivacaine, n = 21) (Ketorolac, n = 20) ketorolac, n = 19) 

Age (yr) JSR 34 + 12 42 + 12 
Weight (kg) 84 + 22 83 + 19 7&1 
Height (cm) 70293 173410.5 170: 123 
Gender (M/F) 12/9 14/6 11/8 
ASA physical status (I) 15/6 19/1 13/6 
Baseline analogue scores (mm) 

Pain ll +8 16 + 10 726 

Sedation 21+ 14 14+9 24 + 14 

Nausea 5+ 4 a > S5 
Duration of surgery (min) eN 34 + 15 38 + 15 
Duration of anesthesia (min) 50 + 12 49 + 16 54415 
Type of arthroscopic procedure (n): 

Diagnostic 5 3 

Meniscectomy 7 10 11 

Debridement 9 f 4 
Total propofol (mg) 577 2 193 571 + 195 536 + 206 


M, male; F, female. 
Mean values + sp. 





Number of 
patients 


{n} 





Arrival 


Time {min} 
Figure 1. Number of patients reporting pain on arrival in the 
postanesthesia care unit (Arrival) and at subsequent 15-min inter- 
vals. Open bars, group I (bupivacaine 0.5%); hatched bars, group H 
(ketorolac); solid bars, group II (ketorolac and bupivacaine). *P < 
0.05, from groups I and I]. 


crutch-assisted mobilization was 2 days in each 
group. 

No differences among the three groups were de- 
tected in either postoperative nausea or sedation VAS 
scores. Nausea was uncommon in this patient popu- 
lation, with only three patients requiring antiemetic 
medication (two in group I and one in group III). No 
clinical signs or symptoms of local anesthetic toxicity 
(e.g., cardiac dysrhythmias) were noted in any pa- 
tient during the early postoperative period. Patient 
satisfaction was high, with only one patient from 
each of groups I and II expressing a preference for a 
different form of anesthesia in the future. 





Time {min} 


Figure 2. Changes in VAS pain scores from baseline (mean paired 
differences) at 15, 30, 45, and 60 min after arriving in the PACU, as 
well as the time of discharge for the three treatment groups. Open 
circles, group I (bupivacaine 0.5%); solid circles, group H (ketorolac); 
open triangles, group IH (ketorolac and bupivacaine). Mean values 
+ SEM. 


Discussion 


Intraarticular bupivacaine (0.5%) and systemic ketor- 
olac (60 mg) appeared to have very similar effects on 
postoperative pain, mobilization, and analgesic re- 
quirements after outpatient arthroscopy. In contrast, 
the combination of both treatment modalities re- 
sulted in fewer patients awakening from anesthesia 
in pain and significantly decreased requirements 
for opioid analgesia in the PACU. Despite the im- 
proved pain relief in the early postoperative period in 
group Ill (vs groups I and II), we were unable to 
demonstrate a difference in recovery events, postop- 
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Table 2. Postoperative Analgesic Requirements of 
Patients in Three Treatment Groups 





Group]! Group Il Group M 
Required fentanyl in PACU 13 (62%) 12 (60%) 4 (21%)* 
PACU fentanyl dose (ug) 83 +37 88 + 31 56 + 31 
First analgesic (min) 34 + 17 32 + 15 55 2 28" 
Oral analgesic at home 13 (76%) 20 (95%) 13 (68%) 





PACU, postanesthetic care unit. 
Mean values + sp, 
"Significantly different from groups I and II; P < 0.05. 
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Figure 3. Times from discontinuation of anesthesia until the pa- 
tients were awake (Awake), able to sit up in a chair (Sitting), 
tolerate oral fluids (Fluids), ambulate (Walking), “fit for discharge” 
(Home-ready), and actual discharge (Discharge) were recorded. 
Open bars, group I (bupivacaine 0.5%); hatched bars, group I 
(ketorolac); solid bars, group III (ketorolac and bupivacaine). Mean 
values + SEM. 


erative side effects, or discharge times. Although the 
decreased opioid requirement in the ketorolac- 
bupivacaine group might have been expected to 
decrease emetic sequelae, no difference was found. 
This finding was probably related to the fact that the 
incidence of nausea was very low in all three treat- 
ment groups. 

The lower incidence of pain on awakening from 
anesthesia in patients receiving the bupivacaine- 
ketorolac combination (group III) would appear to be 
a worthwhile advantage. Although pain on emer- 
gence from anesthesia can be effectively treated with 
potent rapid-acting opioid analgesics, other concerns 
(e.g., transporting the patient to the PACU, connect- 
ing patient monitors, and obtaining vital signs) may 
delay obtaining opioid medication from locked cabi- 
nets and lead to inadequate analgesic treatment. 
Although only minor differences in patients’ pain 
were detected later in the recovery process, the 
comparable pain scores in groups I and II (vs group 
III) were achieved by administering larger doses of 
fentanyl in the PACU. In addition, these patients 
would have experienced at least brief episodes of 
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more severe pain before the analgesic medication was 
administered. 

In an effort to improve our ability to assess pain, 
two different methods were used in this study. Im- 
mediately on arrival in the PACU, patients may not 
have been sufficiently recovered from the effects of 
the propofol anesthetic to reliably assess their pain 
with the VAS. However, all patients were able to 
state whether or not they were in acute pain. For 
consistency, we continued to use this evaluation tool 
at subsequent assessment intervals to supplement 
the VAS scores. The differences in these two assess- 
ment modalities at the 30-min time point are probably 
related to greater interpatient variability in the VAS 
scores compared with simple yes/no responses. 

The use of a local anesthetic in combination with a 
nonsteroidal antiinflammatory drug (ketorolac) pro- 
vided postoperative pain relief with drugs possessing 
distinctly different mechanisms of action. The local 
anesthetic should minimize pain resulting from irri- 
tation of nerve endings on the surface of the joint 
itself. Although ketorolac is alleged to have an effect 
at this peripheral site, it may also prove to be effective 
at more remote locations. After knee arthroscopy, 
most of the pain would be expected to result from the 
operative joint surface; however, other sources of 
pain (e.g., the skin puncture wounds, extracapsular 
structures that were stretched during manipulation, 
hip and back pain from lying on the operating table) 
also contribute to postoperative patient discomfort. 
Furthermore, by administering the ketorolac at the 
start of surgery, its effects would be expected to peak 
close to the end of anesthesia (42 + 14 min after 
administration of 2 mL of the study drug). The 
maximal effects of the local anesthetic might not be 
apparent immediately on emergence from anesthesia 
because bupivacaine requires several minutes to 
achieve its peak effect (8). However, instilling the 
local anesthetic solution into the knee joint before the 
end of surgery would not have been practical because 
the drug would have been immediately washed out 
by the irrigating solution. Given the duration of 
action of ketorolac and bupivacaine, it was not sur- 
prising that no significant analgesic effects were ap- 
parent after the patients returned home. 

This study can be criticized in that a placebo 
control was not used. However, in a previous study 
we demonstrated a decrease in postoperative analge- 
sic requirements and more rapid mobilization when 
intraarticular bupivacaine (vs saline solution) was 
used (1). Because this technique has become our 
standard of care, we decided to use intraarticular 
bupivacaine as the “control.” Although it would 
appear that each of the three treatments used in this 
study was equally effective in allowing early mobili- 
zation, consideration should be given to the cost of 
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these postoperative analgesic therapies. The hospital 
acquisition costs of 30 mL of 0.5% bupivacaine is 
$1.52, compared with $5.93 for 60 mg of ketorolac. 
Thus, it would appear that the local anesthetic is 
more cost-effective than the nonsteroidal antiinflam- 
matory drug. 

In conclusion, a combination of systemic ketorolac 
and intraarticular bupivacaine resulted in fewer pa- 
tients awakening in pain and a decreased require- 
ment for opioid ‘analgesic medication in the PACU 
compared with either treatment alone. Although 
there were no differences among the three analgesic 
treatments in terms of recovery events and discharge 
times, the combination of these two analgesic modal- 
ities would appear to offer improved patient comfort 
during the first 30 min after outpatient knee arthros- 


copy. 
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Echocardiography has revealed evidence of ‘‘subnor- 
mal” regional contraction patterns that result from 
myocardial ischemia and are often accompanied by 
nonadjacent “hyperkinetic” regions. Whether these 
regions of hyperkinetic wall motion persist un- 
changed or revert to normal after coronary artery 
bypass graft (CABG) surgery has not been studied in 
humans. Using echocardiography, we evaluated both 
dysfunctional and normal myocardial regions for 
changes in segmental wall motion and percent of 
systolic wall thickening that occurred immediately 
after CABG surgery in 32 patients. Segmental wall 
motion analysis before CABG surgery in these pa- 
tients revealed that 170 (66%) of 256 myocardial 
segments were subnormal, of which 115 (67%) im- 
proved and 102 (60%) returned to normal immedi- 
ately after CABG surgery. Eleven myocardial seg- 
ments that were hyperkinetic before CABG surgery 


returned to normal after CABG surgery. Preopera- 
tively, 162 (63%) of 256 myocardial segments had 
systolic wall thickening <30%, which increased from 
11.8% + 8.9% to 24.3% + 14.3% (mean + sp) (P < 
0.01) postoperatively. Conversely, a reverse trend 
was found when systolic wall thickening was >30% 
before CABG surgery: thickening decreased from 
46.2% + 13.8% to 33.4% + 14.8% after CABG surgery 
(P < 0.01). Thus, we conclude that immediately after 
CABG surgery, there is a recovery of function in 
some myocardial segments and a reduction in func- 
tion in others. Furthermore, we conclude that the 
semiquantitative assessment of percent of systolic 
wall thickening is a more reliable (consistent) echo- 
cardiographic index of myocardial function compared 
with the qualitative assessment of segmental wall 
motion immediately after CABG surgery. 

(Anesth Analg 1992;75:213-8) 





nary artery bypass graft (CABG) surgery on a 
dysfunctional myocardium has been evaluated 
with two-dimensional echocardiography (1-5). 
Changes in dysfunctional myocardial systolic wall 
thickening and segmental wall motion (SWM) have 
been demonstrated with an immediate, sustained 
improvement after CABG surgery (2). The functional 
changes that occur in normal or compensatory hyper- 
kinetic myocardial segments before CABG surgery 
have not been previously described in humans. 
Although the sensitivity of SWM abnormalities for 
detecting myocardial ischemia has been established, 
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the specificity has been questioned (6-9). The differ- 
ence between hypokinesis or hyperkinesis and nor- 
mal function may appear confusing and subjective 
when SWM is used as an echocardiographic index of 
ischemia. Semiquantitative methods for evaluating 
myocardial contraction patterns have been proposed; 
however, there still remains an element of subjectiv- 
ity in the interpretation of these methods (10-14). 
Ideally, one would want to initiate therapy based on 
an objective index of regional myocardial function. 
Although an ideal index of ischemia requires mea- 
surement of regional myocardial oxygen supply and 
demand, at the present time only functional param- 
eters such as patterns of segmental myocardial con- 
traction are typically used for echocardiographic as- 
sessment of ischemia. 

We evaluated the effect of CABG surgery on nor- 
mal and dysfunctional myocardial regions immedi- 
ately before and after coronary bypass grafting. In 
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addition, we evaluated whether systolic wall thicken- 
ing (a semiquantitative measurement) provided more 
reliable information with regard to function of the 
myocardium after CABG surgery than did anges an in 
SWM (a qualitative measurement). 


Methods 


Thirty-two patients (29 men, 3 women), whose ages 
ranged between 38 and 74 yr (mean 59 yr), with 
documented coronary artery disease were monitored 
with either epicardial and transesophageal echocar- 
diography or transesophageal echocardiography 
alone during CABG surgery. The patients were char- 
acterized as follows: 14 had one or two diseased 
vessels; 16 had three or more diseased vessels; and 
two had left main coronary artery disease. An old 
transmural myocardial infarction was documented in 
15 of the patients (eight inferior, five anteroseptal, 
and two inferolateral). 

Patients with a history or evidence of esophageal 
` disease, including diverticular disease or acute left 
ventricular dysfunction that required inotropic or 
vasodilator support before surgery, were excluded 
from the study. Patients who were dependent on 
inotropic or vasodilator support after separation from 
cardiopulmonary bypass (CPB) were also excluded. 

Induction of anesthesia was performed with fen- 
tanyl (10-15 yg/kg), diazepam (0.25-0.5 mg/kg), 
oxygen, and succinylcholine (1.5 mg/kg). Mainte- 
nance of general anesthesia was accomplished with 
fentanyl titrated up to a total dose of 70-100 pg/kg 
before sternotomy. Muscle relaxation was maintained 
with pancuronium bromide. Systemic arterial blood 
pressure and heart rate were monitored continuously 
with an arterial line and electrocardiogram, respec- 
tively. Pulmonary capillary wedge pressures were 
measured with a pulmonary artery catheter. Hema- 
tocrit values were obtained before and after separa- 
tion from CPB at approximately the time of echocar- 
diographic measurements. The surgical technique 
was not significantly modified at any time during the 
procedure except when epicardial echocardiographic 
images were being recorded. The CABG surgery was 
carried out with systemic hypothermia (25-28°C) dur- 
ing CPB. Distal saphenous vein anastomosis was 
completed first, after aortic occlusion and antero- 
grade administration of cold potassium crystalloid 
cardioplegia solution. Additional cardioplegia solu- 
tion was instilled every 20-30 min throughout the 
ischemic period through the aortic root as well as 
through the proximal free end of the grafts immedi- 
ately after distal anastomosis was completed. Proxi- 
mal anastomosis was performed during partial aortic 
occlusion and the rewarming phase of CPB. 

Intraoperative echocardiographic images of the left 
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ventricle, short-axis view, at the level of the papillary 
muscle were obtained and recorded with a General 
Electric RT-5000 ultrasound system (Milwaukee, 
Wis.) connected to an epicardial or transesophageal 
ultrasound transducer (5 MHz) immediately after 
pericardiotomy and 30 + 5 min after separation from 
CPB and administration of protamine. Fifteen min- 
utes were allowed to pass after the administration of 
protamine before echocardiographic images were 
recorded. Patients had synchronized atrial and ven- 
tricular rhythms at the time of echocardiographic 
imaging. In addition, administration of inotropes 
(including calcium) or vasodilators after CPB was 
avoided or suspended for a minimum of 5 min before 
recording echocardiographic images. 

Epicardial imaging was performed in the initial 14 
patients with either a 3.5- or 5.0-MHz gas-sterilized 
probe. The probe was inserted intò a plastic glove 
partially filled with saline solution to separate the 
transducer lens from the surface of the heart, thus 
enabling imaging of the entire left ventricle including 
the epicardial borders. After the first 14 patients were 
studied, it was decided that there was no significant 
gain in performing both epicardial and transésoph- 
ageal imaging; therefore, the former was discontin- 
ued. All 32 patients were monitored with transesoph- 
ageal echocardiography beginning immediately after 
intubation throughout the duration of surgery. 

Off-line analysis of SWM was performed, and 
percent of systolic wall thickening determined. The 
short-axis view of'the left ventricle at the level of the 
papillary muscle was divided into eight segments 
according to the recommendations of the American 
Society of Echocardiography (15). Two independent 
observers unaware of the experimental conditions 
reviewed the SWMs before and after CABG surgery 
off-line for each of the eight equally divided segments 
of all patients. The segments were assessed subjec- 
tively and scored on a 0-4-point scale according to the 
following criteria: 0 = dyskinesia (paradoxical wall 
motion); 1 = akinesia (absence of wall motion); 2 = 
hypokinesia (contraction less than normal); 3 = nor- 
mal; and 4 = hyperkinesia (contraction greater than 
normal). The system used for SWM analysis was a 
modification of previously reported floating reference 
systems (16). A segment was subjectively judged to 
contract normally if its “imaginary” radius to the 
center of the left ventricle shortened by at least 30%. 
A segment was hypokinetic if its radius to the center 
of the left ventricle shortened by <30% and hyper- 
kinetic if it shortened by >40%. Akinesis was defined 
as no shortening, and dyskinesis was defined by a 
radius lengthened to the center of the left ventricle. 
Analysis for SWM was based on visual estimates of 
endocardial motion. If there was a disagreement 
between the two observers on the score of an SWM, 
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Figure 1. iayao serve left ventricular short-axis images at mid- 
papillary muscle level. Top, end-diastole; bottom, end-systole. 


a third independent observer also unaware of the 
results and conditions of the study reviewed the 
echocardiogram. The final score assigned for the wall 
motion of each segment was based on the majority 
score of the three observers. 

Measurement of the percent of systolic wall thick- 
ening was made by three independent observers 
unaware of the experimental conditions. Again, the 
short-axis view of the left ventricle at the midpapil- 
lary muscle level was divided into eight segments. 
The wall thickness (in the middle of “the segment, 
along the radius drawn through the midsection) was 
measured within each segment during end-diastole 
and end-systole. The anterior and posterior papillary 
muscles and the right ventricle provided a fixed 
external frame of reference for determination of the 
midsection of the ‘eft ventricular cavity (17). End- 
diastole was measured when the electrocardiograph- 
ic-gated freeze-frame analysis of echocardiographic 
images corresponded to the peak of the electrocardio- 
graphic R-wave, and end-systole was measured at 
the point of minimal left ventricular cavity area (Fig- 
ure 1). End-diastolic and end-systolic endocardial and 
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Table 1. Hemodynamic Variables Measured at the Time 
of Echocardiographic Analysis 





Before CABG After CABG 
SBP (mm Hg) 112 + 7.9 108 + 12.1 
PCWP (mm He} 6.4 + 4.8 8.8 + 3.2 
LVEDA (cm?) 10.9 + 0.7 9.7 + 0.9 
HR (beats/min) 62 + 1I 74% 13 
Hcet (%) 38:25 29249 





Before CABG, time before pericardiotomy; After CABG, time after 
separation from cardiopulmonary bypass; SBP, systolic blood pressure; 
PCWP, pulmonary capillary wedge pressure; LVEDA, left ventricular end- 
diastolic area; HE, heart rate; Hct, hematocrit; CABG, coronary artery 
bypass graft. 


epicardial borders were outlined off-line from the 
video screen with a trackball. The papillary muscles 
were excluded when the endocardial border was 
traced. Three measurements for each segment and 
each observer were averaged. Percent of left ventric- 
ular wall thickness was calculated before and after 
CABG surgery with the following formula: 
| SWT — DWT 
Percentage SWT =P 100, 

where SWT and DWT represent systolic and diastolic 
wall thickness, respectively. Student's t-test was used 
for statistical analysis, and P = 0.05 was considered 
significant. All data are expressed as mean + sp. 


Results 


The mean CPB time was 127 min (range 46-230) and 
the mean total ischemic time was 90 min (range 
0-160). Epicardial echocardiography lengthened total 
surgery time by no more than 5 min. Among the 32 
patients evaluated, 30 were separated from CPB 
without requiring supplemental inotropic or vasodi- 
lator support; 2 required temporary inotropic sup- 
port, which was discontinued >5 min before echo- 
cardiographic analysis. Hemodynamic variables 
measured at the time of echocardiographic analysis 
are shown in Table 1. Systolic arterial blood pressure, 
a surrogate of afterload, was 112 + 7.9mm Hg before 
and 108 + 12.1 mm Hg after CABG surgery; pulmo- 
nary capillary wedge pressure was 6.4 + 4.8 mm Hg 
before and 8.8 + 3.2 mm Hg after CABG SHGA left 
ventricular end-diastolic area was 10: 20.7 ome 
before and 9.7 + 0.9 cm? after CABG surgery; and 
heart rate was 62 + 11 beats/min before and 74 + 13 
beats/min after CABG surgery. The average hemato- 
crit values were 38% + 5% before CABG surgery 
(15 min after pericardiotomy) and 29% + 9% after 
CABG surgery (30 min after separation from CPB). 
With the methods of analysis described for deter- 
mining the percent of systolic wall thickening, the 
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Figure 2. Total number of wall motion scores assigned to myocar- 
dial segments before and after CABG surgery. 


interobserver variability was 4.6% + 1.8%, and the 
intraobserver variability was 1.7% + 0.7%. Interob- 
server variability during the evaluation of SWM was 
evident 9% of the time (45 of 512) and required a third 
observer to score the wall motion of the segment in 
question. 

The SWM analysis revealed that in the 32 patients, 
170 of 256 myocardial segments were subnormal 
(with scores <3), of which 115 (67%) improved and 
102 (60%) returned to normal immediately after. 
CABG surgery. Of the 32 patients, 11 had one hyper- 
kinetic segment (score = 4), that became normal 
immediately after CABG surgery. No initially abnor- 
mal segments before CABG surgery became worse 
after CABG surgery, and of the 75 initially normal 
segments (score = 3), six (8%) became hypokinetic 
after CABG surgery (Figure 2). In one patient there 
were no subnormal and one hyperkinetic segment. 
After CABG surgery, the hyperkinetic segment be- 
came normal, and two of seven previously normal 
segments became hypokinetic. The number of abnor- 
mal segments in any one patient before CABG sur- 
gery was not predictive of changes in SWM after 
CABG surgery. Intraobserver discordance during 
SWM analysis occurred in distinguishing normal 
from hypokinetic (40 of 45), hypokinetic from dyski- 
netic (4 of 45), and normal from hyperkinetic (1 of 45} 
segments. 

Analysis of systolic wall thickening revealed that 
in 162 (63%) of 256 segments with systolic wall 
thickening of <30% before CABG surgery, wall thick- 
ening increased from 11.8% + 8.9% to 24.3% + 14.3%' 
(P < 0.01) after CABG surgery (Figure 3). In the 
remaining 37% (94 segments) with wall thickening 
>30%, before CABG surgery, a reverse trend was 
observed. Percent of systolic wall thickening de- 
creased from 46.2% + 13.8% to 33.4% + 14.8% (P < 
0.01) (Figure 4). There was no significant change 
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ch 3. Preoperative (Pre CABG) and postoperative (Post CABG) 
Dole wall ance wall thickening in segments with preoperative 
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Figure 4. Preoperative (Pre CABG) and postoperative (Post CABG) 
percent of Ae wall in segments with Propere 
systolic >30%. Systolic wall thickening decreases 
after surgery in a e segments. 


Pre CABG Post CABG 
Figure 5. Preoperative (Pre CABG) and postoperative (Post CABG) 
percent of systolic wall thickening in the segments with previous 
(old) myocardial infarction. Percent of systolic wall Ea 
remains 


in segments with previous myocardial infarc 
tion; Ns, not significant. 


observed in the percent of wall thickening after 
CABG surgery in regions of previously infarcted 
segments (n = 22) before CABG surgery (Figure 5). 


Discussion 

It is well recognized that an early consequence of a 
decrease in coronary blood flow to the myocardium is 
the depression of regional function (18-22). After the 
restoration of adequate blood supply and in the 
absence of anatomic damage, myocardial function 
recovers. When ischemia has been prolonged, how- 
ever, full restoration of blood flow and adequate 
oxygen supply may occur minutes to hours before the 
return of normal wall motion to the affected myocar- 
dial segment. Evidence from echocardiographic anal- 
ysis during percutaneous transluminal coronary an- 
gioplasty reveals that although SWM abnormalities 
increase in the regions distal to the vessel undergoing 
coronary angioplasty, there is hyperkinesis in the 
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opposing myocardial regions (23). Five minutes after 
successful coronary angioplasty, observed wall mo- 
tion abnormalities returned to normal in the reper- 
fused regions. With regard to changes in hypercon- 
tracting segments distal to hypocontractile segments, 
in patients suffering acute myocardial infarction (24) 
and in patients with ischemic heart disease during 
lumbar epidural anesthesia (25), hypercontracting 
segments returned to normal at the same time that 
the hypocontracting segments improved. Our find- 
ings are in accordance with previous reports showing 
that the surgical restoration of adequate blood supply 
to an ischemic, hypocontractile myocardium is fol- 
lowed by an immediate improvement in systolic 
thickening in those regions as well as a return to 
normal function in a previously nonischemic, hyper- 
contractile myocardium (24,25). 

The evaluation of SWM as an index of myocardial 
function is subjective (2,7,8,15). It is recognized that 
subtle differences in wall motion are often missed 
visually (11,12). Differences in SWM abnormalities 
may be influenced by an unmasked scar caused by 
changes in afterload (8), a tethering effect caused by 
neighboring infarcted segments (26), or septal motion 
(5,27). Measurement of the percent of systolic wall 
thickening, on the other hand, is less dependent on 
left ventricular translational and rotational changes 
and appears to be a more objective parameter for 
evaluation of left ventricular motion. 

Limitations of this study were lack of temporal 
randomization (i.e., before vs after CABG surgery) 
for wall motion scoring and a controlled depth of 
anesthesia before and after CPB. It is reasonable, 
however, to assume that this latter limitation may 
have biased the data against our observed results. 
Endogenous catecholamines would have most likely 
been highest after separation from CPB, thus causing 
otherwise normally functioning myocardial segments 
to behave hyperdynamically. We observed that “hy- 
perkinetic’ regions before CABG surgery became less 
dynamic or normalized after CABG surgery. 

Our results suggest that poorly perfused, hypocon- 
tracting myocardial segments, as evidenced by the 
percent of systolic wall thickening, are often counter- 
balanced before CABG surgery by the hyperkinesis of 
normally perfused segments. Immediately after CABG 
surgery, the percent of systolic wall thickening signifi- 
cantly improves in hypocontracting segments and re- 
turns to normal in hyperkinetic segments. In addition, 
our results suggest that the intraoperative echocardio- 
graphic semiquantitative measurement of percent of 
systolic wall thickening is less subjective than the de- 
termination of SWM as an index of left ventricular 
function immediately after CABG surgery. 
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Endobronchial insufflation of oxygen offers possi- 
ble advantages over conventional ventilation modes 
in some clinical situations in which nonmovement 
of the chest may be desirable; however, endobron- 
chial insufflation of oxygen has yet to be used dur- 
ing thoracic surgery in humans. Furthermore, the 
physiologic m isms underlying gas exchange 
during endobronchial insufflation of oxygen are un- 
clear. This study assessed endobronchial insuffla- 
tion of oxygen at 45 L/min in 11 patients with an open 
chest during internal harvest. Car- 
diorespiratory function was measured at baseline 
during conventional mechanical ventilation and at 
5-min intervals during the study period of 20-30 min. 
In all patients, clinically acceptable gas exchange 
was achieved, although Paco, increased from 32 + 
3.2 to 44 + 7.5 mm Hg (mean + sp) at 5 min, but 


gen at total gas flow rates of 1 L-kg~)-min™?, 

delivered 2-3 cm beyond the carina into the 
left and right main bronchi, provides adequate oxy- 
genation and carbon dioxide excretion in animals for 
several hours (1,2). In closed-chest humans, previous 
studies of endobronchial insufflation of oxygen at 
flow rates from 0.5 to 1.6 L-kg~*-min™! have failed to 
demonstrate consistently acceptable carbon dioxide 
removal, and the cause of the variable success of the 
technique as applied to humans remains unexplained 
(3-5). There has been no attempt to correlate such 
factors as age, body weight, height, or presence of 
pathology with the efficacy of endobronchial insuffla- 
tion of oxygen. Perhaps such correlations will help to 
determine the clinical utility of this technique and to 


(eerste endobronchial insufflation of oxy- 
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thereafter was unchanged (P > 0.1). Cardiac output, 
vascular pressures, and heart rate were unchanged, 
although pHa decreased. Surgical access for internal , 
mammary artery harvesting was improved. No mu- 
cosal damage or complications occurred. rae en- 
miele insufflation of oxygen, efficacy o 

change and body weight were not correlated, Pi 
boh Su subject height and age were correlated with high 
Pao, and low Paco,. We conclude that (a) endo- 
bronchial insufflation of oxygen can be used in pa- 
tients with an open chest; (b) the efficacy of endo- 
bronchial insufflation of oxygen is probably improved 
by increased lung size and by collateral ventila- 
tion; and (c) cardiogenic gas mixing contributes little 
to gas exchange during endobronchial insufflation 
of oxygen. 

(Anesth Analg 1992;75:219-25) 


provide insight into the mechanisms that contribute 
to gas mixing during continuous-flow ventilation. 
Although endobronchial insufflation of oxygen has 
been used successfully in poststernotomy dogs (6,7), 
ventilation in humans with an open chest has not yet 
been attempted. Such use of endobronchial insuffla- 
tion of oxygen may be especially valuable in clinical 
situations where lung distention and motion are 
undesirable. For example, during internal mammary 
artery harvesting for coronary artery bypass grafting, 
the sternum is widely retracted, and the pericardium 
is open. Lung inflation with conventional mechanical 
ventilation (CMV) intermittently impairs surgical ac- 
cess, and alternative ventilatory techniques such as 
one-lung ventilation to limit this interference can 
result in decreased gas exchange. Endobronchial in- 
sufflation of oxygen, in this situation, could poten- 
tially benefit the patient by improving the access and 
speed of internal mammary artery harvesting. The 
open-chest human is also an important model for 
understanding how endobronchial insufflation of ox- 
ygen works. The effect of cardiogenic gas mixing 
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Table 1. Clinical Characteristics of 11 Male Subjects Scheduled for Elective Coronary Artery Bypass Grafting With 


Internal Mammary Artery Harvesting 


Pt No. Age (yr) Weight (kg) Height (cm) 
1 74 83 180 
2 68 58 165 
3 57 108 170 
4 54 100 178 
5 34 66 172 
6 70 95 167 
7 60 100 183 
8 67 97 193 
9 63 51 185 

10 71 68 167 
11 48 135 193 


Pt, patient; d/c, discontinued after; pk yr, pack-years. 


caused by mechanical deformation of the lung sur- 
faces by the beating heart is thought to be important 
in continuous-flow techniques (6,7). Because the 
lungs are not opposed to the heart during internal 
mammary artery harvesting, cardiogenic oscillations 
should not contribute to gas mixing. If endobronchial 
insufflation of oxygen maintains gas exchange in this 
situation, then alternative mechanisms need to be 
considered. 

We therefore studied patients during internal 
mammary artery harvesting to determine the effect of 
endobronchial insufflation of oxygen on surgical ac- 
cess. We also present initial data on the correlation 
between gas exchange and some physiologic varia- 
bles. From these data we suggest some of the factors 
that may affect the success of gas exchange during 
endobronchial insufflation of oxygen. 


Methods 


After Institutional Review Board approval and pa-: 


tient consent, 11 male patients (87 + 24.9 kg [mean + 
sp], aged 62 + 8.4 yr) scheduled for elective coronary 
artery bypass grafting with internal mammary artery 
harvesting were studied. Two of the patients were 
active cigarette smokers (Table 1). After premedica- 
tion with morphine sulfate (0.15 mg/kg) and scopol- 
amine (0.2-0.4 mg) intramuscularly, the patients 
breathed nasal oxygen during placement of two 14 
gauge intravenous cannulas, a right radial artery 
catheter and a triple-lumen thermistor-tipped oximet- 
ric pulmonary artery catheter percutaneously 
through the right internal jugular vein under local 
anesthesia. 

Anesthesia was induced with fentanyl (25— 


50 pg/kg IV) and midazolam (0.04-0.06 mg/kg IV).. 


Vecuronium (0.1-0.2 mg/kg IV) was administered, 
and maintenance vecuronium requirements were 
monitored by peripheral nerve stimulator. The tra- 


Left ventricular function Smoking history 
Mildly impaired No 

Normal No 

Normal No 

Mildly impaired No (d/c 10 yr) 
Normal Yes (100 pk yr) 
Normal No (d/c 20 yr) 
Within normal limits No (d/c 15 yr) 
Mildly impaired No (dic 5 yr) 
Normal No 

Normal Yes (70 pk yr), abuse 
Moderately impaired No (d/c 17 yr) 


chea was intubated with a catheter to be used for 
endobronchial insufflation of oxygen (Sheridan Cath- 
eter Corp., Argyle, N.Y.) that was placed outside a 
Hi-Lo jet endotracheal tube of 9.0-mm internal diam- 
eter (Mallinckrodt, Glens Falls, N.Y.). The insuffla- 
tion catheter consisted of two 44cm-long plastic 
tubes, each of 2-mm internal diameter and 2.7-mm 
outer diameter, which were bonded together for 
30 cm of their length. The endobronchial portion 
consisted of 3-cm forked flexible ends that formed a 
50° angle when unrestrained but could be held to- 
gether for placement through the larynx, Positioning 
of the prongs astride the carina was performed in a 
blinded manner and subsequently checked by fi- 
beroptic bronchoscopy after commencement of CMV 
through the cuffed tracheal tube. In all 11 patients, 
blind placement of the catheters was satisfactorily 
achieved. Other than during endobronchial insuffla- 
tion of oxygen, the lungs were ventilated convention- 
ally with 100% oxygen (Drager Narkomed I) at a rate 
of 8-10 breaths/min and tidal volume sufficient to 
maintain end-tidal CO, (monitored by Med Spec I, 
Allegheny International, 5t. Louis, Mo.) between 30 
and 38 mm Hg. Body temperature was measured in 
the pulmonary artery. Arterial and mixed venous 
oxygen saturations were continuously monitored by 
a pulse oximeter (Nellcor, Hayward, Calif.) placed on 
the finger and by fiberoptic oximetry in the pulmo- 
nary artery, respectively. A five-lead electrocardio- 
graph and continuous three-lead ST segment analysis 
were displayed together with systemic and pulmo- 
nary arterial pressures and central venous pressure 
waveforms on a Marquette series 7010 physiologic 
monitor. 

The endobronchial insufflation delivery system 
(see Figure 1) utilized wall oxygen (50 psi) that was 
regulated to achieve a flow rate of 45 L/min at 
approximately 10 psi and passed through a calibrated 
rotameter before entering an active humidifier with a 
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Figure 1. Diagram of the apparatus used for continuous endobronchial insufflation of oxygen. 


heated-wire high-pressure delivery tube (Fisher- 
Paykel Dual Servo Model MR370). Overpressure pro- 


tection of the system occurred at 15 psi. An indepen-" 


dent aneroid airway pressure gauge and alarm 
connected to a dedicated lumen of the Hi-Lo tube 
continuously monitored and displayed tracheal air- 
way pressure (Paw). The function of this system was 
checked before commencement and at regular inter- 
vals during operation. Additionally, the lungs were 
monitored closely by both the surgeon and one of the 
investigators to ensure that they remained deflated. 

Full sets of measurements made before and during 
endobronchial insufflation of oxygen included intra- 
vascular pressures, heart rate, arterial and mixed 
venous blood gas tensions and pHa (blood sampled 
simultaneously and analyzed with temperature cor- 
rection by Nova Stat Profile 5 multicomponent ana- 
lyzer, Waltham, Mass.), end-tidal CO,, and cardiac 
output by thermodilution. The first measurements 
were made during CMV after all variables were 
steady with an open chest (median sternotomy) and 
open pericardium. The CMV was then disconnected 
and endobronchial insufflation of oxygen was started 
with humidified, heated oxygen at a constant flow of 
45 L/min, half going to each lung. Continuous exha- 
lation to atmosphere occurred through the cuffed 
tracheal tube, and carbon dioxide tension was inter- 
mittently monitored by the multiplexing mass spec- 
trometer. After starting endobronchial insufflation 
with oxygen, the internal mammary artery harvesting 
was carried out for 20-30 min. The Paw and arterial 
and mixed venous oxygen saturations were continu- 
ously monitored during this time, while measure- 
ments were repeated serially every 5 min. In all but 2 
of the 11 patients, the procedure was carried out by 
the same senior surgeon who was in each case then 
asked to grade the surgical access. 

Fiberoptic bronchoscopy was repeated after com- 


pletion of the study, usually when the patient was on 

cardiopulmonary bypass. Correct position of the in- 
sufflation catheter was confirmed, and the mucosa 
was examined for evidence of damage before catheter 
removal. The patients were evaluated at extubation 
and at discharge from the intensive care unit for 
respiratory system complications. Statistical analysis 
used the paired t-test and a multivariate regression 
analysis designed to deal with clustered data (i.e., the 
dependence of repeated measurements within an 
individual subject) (8). We used a stepwise procedure | 
to test the significance of the effects of age, height, 
weight, and time during endobronchial insufflation 
on Paco, and Pao,. Values are expressed as mean + 
sp; P < 0.05 was considered significant. 


Results 


All patients received at least 20 min of endobronchial 
insufflation of oxygen, during which internal mam- 
mary artery harvesting took place. In five patients, 
surgical considerations allowed us to extend insuffla- 
tion to 25 min. In no patient was insufflation curtailed 
before completion of internal mammary artery har- 
vesting. In all patients, the principal surgeon judged 
that access fcr the internal mammary artery harvest- 
ing was substantially improved by endobronchial 
insufflation of oxygen, compared with CMV. The 
lungs remained in a deflated state throughout endo- 
bronchial insufflation of oxygen, although on palpa- 
tion they were felt to vibrate. The Paw remained at 
zero in all patients except two, in whom values of 1 
and 2 cm H,O were recorded. 

Values for Pao, and Paco, are shown for individ- 
ual patients in Figure 2. Mean (+1 sp) changes from 
baseline Pao; and Paco, are shown in Figure 3. The 
Pao, was unchanged from baseline throughout endo- 
bronchial insufflation of oxygen (P > 0.5) and re- 
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Figure 2. Individual subject Pao, and Paco, during conventional 
mechanical ventilation at time = 0 and during 45 L/min endobron- 
chial insufflation of oxygen; time = 5-25 min. 


mained >200 mm Hg in all but one patient. The 
. Paco, increased significantly during the first 5 miin of 
. endobronchial insufflation of oxygen, from 32 + 3.2 
to 44 + 7.5 mm Hg. Thereafter, the Paco, was 
unchanged (P > 0.1). In three patients, Paco, was 


<38 mm’ Hg throughout 25 min of endobronchial : 


insufflation of oxygen. In patient 8 (97 kg), the Paco, 
decreased at. each measurement point during en- 
dobronchial insufflation of: oxygen, compared with 

Multivariate regression analysis showed that body 
. weight had no effect on either Pao, or Paco, during 
endobronchial insufflation of oxygen at 45 L/min. 
_ There was, however, a significant correlation (P < 
0.01) between age and Pao, and an inverse relation- 
ship between age and Paco, (P < 0.01). Body height 
showed significant correlation (P < 0.05) with high 
Pao, and low’ Paco, during :endobronchial insuffla- 
tion of oxygen. The overall correlation coefficients for 
the effects of age and height were 0.53 for Pao, and 
0.69 for Paco, (n = 61). 

Physiologic variables are shown in Table 2. There 
were no significant changes in intravascular pres: 
sures, heart rate, cardiac output, and systemic and 
pulmonary vascular resistance throughout and after 
20 min of endobronchial insufflation of oxygen; how- 
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Figure 3. Change in Pao, and Paco, from baseline conventional 
mechanical ventilation value. Mean + sp; n = 11 for time = 
0-20 min; n = 5 for time = 25 min. 


ever, the systemic pressure decreased slightly, 
whereas pulmonary artery pressure increased from 
17.8 to 21 mm Hg. Arterial and venous pH decreased 
and venous Pco, increased significantly after 20 min 
of endobronchial insufflation of oxygen. 

Fiberoptic bronchoscopy confirmed satisfactory 
cannula placement both before beginning and after 
ending endobronchial insufflation of oxygen in each 
patient. In no case was there evidence of laryngeal, 
tracheal, or bronchial damage, and no patient had 
any respiratory or other complications ascribed to the 
technique either during the procedure or after recov- 
ery from anesthesia and surgery. 


Discussion 

The present study reports results in the largest pub- 
lished group of patients to have received endobron- 
chial insufflation of oxygen and the first group in 
which clinical benefit was derived from the tech- 
nique. Gas exchange was acceptable in all patients, 
and there were no untoward cardiovascular events or 
complications from the procedure. On average, oxy- 
genation remained unchanged from baseline values, 
and Paco, remained stable. In general, the patients 
with the best oxygenation also maintained low Paco, 
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Table 2. Physiologic Variables During Conventional 
Mechanical Ventilation and Endobronchial Insufflation of 
Oxygen in 11 Patients 


After 20 min of EIO 


Variable During CMV (45 L/min) 
Pto, (mm Hg) 48 + 2.4 55°27 
Pvco, (mm Hg) 40 + 0.7 S E3 
pHý 7.4 + 0.02 7.3 + 0.03" 
pHa L001 Jie U2" 
Òs/Òt (%) 19+ 1.7 23 + 3.6 
Ca~CvDo, (mL/min) 3.0 0.32 3.1 + 0.15 
Vo, (mL/min) 174 + 25.9 joe 2 12.8 
Ot (L/min) 48+0.4 5.0 + 0.6 
HR (beats/min) 71.3 + 14.1 fiat Wa 
MAP (mm Hg) 93.9 + 14.0 83.9 + 5.0 
PAP (mm Hg) 17.8 = 4.8 21 + 4.4 
SVR (dyne-cm™*-s~') 1488 + 150.0 1235 + 127.8 
PVR (dyne-cem™?-s~') 100 + 31.8 132 + 36.3 
Temp (°C) 35.8 + 0.6 35.6 + 0.6 


CMV, conventional mechanical ventilation; EIO, endobrenchial insuffla- 
tion of oxygen; Pvo., mean mixed venous oxygen tension; P¥co., mean 
mixed venous carbon dioxide tension; pH, mixed venous pH; pHa, arterial! 
pH; Qs/Qt, percent arteriovenous shunt; Ca~C¥Dop, arteriovenous oxygen 
content difference; Voz, total body oxygen consumption; Qt, cardiac output; 
HR, heart rate; MAP, mean arterial pressure; PAP, mean pulmonary artery 
pressure; SVR, systemic vascular resistance; PVR, pulmonary vascular 
resistance; Temp, core body temperature. 

Results are expressed as mean + sp {n = 11). 

“Significant at P < 0.05. 


whereas those with poor oxygenation had high 
Paco,; however, the two active smokers in the study 
(patients 5 and 10) also had high Paco, despite 
excellent oxygenation, whereas patient 2 maintained 
a stable Paco, of <38 mm Hg but had a deterioration 
in Paos. 

Previous human studies of endobronchial contin- 
uous-flow ventilation have all been in closed-chest 
subjects. Comroe and Dripps (9) used tracheal insuf- 
flation of oxygen at 6-11 L/min in two patients. In 
one, the Paco, increased to 314 mm Hg after 3 h. 
More recently, Breen et al. (4) examined endobron- 
chial insufflation of a 50% O,/50% NO mixture in five 
patients at 60-120 L/min (0.9-1.6 L-kg™!-min™') 
through 2.5-3.5-mm-internal diameter tubes fastened 
outside an orotracheal tube. The Paco, increased to 
69 + 14.5 mm Hg and Pao, varied between 100 and 
240 mm Hg. The Paw was high, averaging 9 cm H,O, 
and in three of the five patients, endobronchial 
insufflation was stopped after 5-20 min because of 
high Paw, high Paco,, or low Pao,. Perl et al. (5) 
reported endobronchial insufflation of oxygen at a 
flow rate of 26-38 L/min (0.5 L-kg~'-min™') delivered 
through 1.2-mm-internal diameter tubes fastened in- 
side a Carlen’s double-lumen tube and positioned at 
the main stem bronchial orifices in five male patients 
undergoing hepatobiliary surgery. After 8 min, the 
Paco, increased on average from 39 to 58 mm Hg 
with no change in Pao». 
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Endobronchial insufflation studies in animals have 
shown that endobronchial catheter positioning is 
critical to efficient carbon dioxide elimination (2). 
Continuous-flow ventilation can produce normal ox- 
ygenation and ventilation without respiratory move- 
ment when a total fresh gas flow of 1 L-kg”'-min™? is 
delivered 2~3 cm down both main stem bronchi, but 
gas insufflation above the carina is much less effec- 
tive. The conclusions of the previously described 
human studies are similar. Breen et al. (4) had less 
success with carbon dioxide elimination than our 
study, despite the use of much higher gas flow rates 
in patients who weighed 15 kg less. Perl et al. (5), 
using gas flow rates similar to those in our study, 
demonstrated inadequate ventilation. In both cases, 
the lack of success may be attributed in part to the 
endobronchial apparatus used, which placed the two 
insufflating catheters at or above the bronchial ori- 
fices and which also may have offered increased 
expiratory flow resistance. 

In contrast to Breen et al. (4) and Perl et al. (5), 
Babinski et al. (3) used an endobronchial apparatus 
very similar to that used both in previous animal 
studies and in the present study. They insufflated 
oxygen at 32-38 L/min (0.6-0.7 L-kg™'-min™') 
through paired catheters of 2.5-mm outer diameter 
placed 2 cm into each bronchus of five patients 
undergoing hysterectomy. The Paco, increased only 
0.6 mm He/min to 54.9 + 4.0 mm Hg after 30 min 
and, in one patient, no increase in Paco, occurred. 
The Pao, was 299 + 37 mm Hg after 30 min. 

The relationship among ventilation, endobronchial 
insufflation flow rates, and bedy weight has not been 
established either in animals or in humans, and no 
optimal flow rate has been determined. We therefore 
decided to use oxygen at 45 L/min for all patients 
as the maximal flow available at a voluntarily im- 
posed 10-psi working pressure limit for the system. 
Despite a greater than twofold variation in weight- 
indexed flow rate among our subjects (0.33- 
0.78 L-min™'-kg~'), we found no correlation between 
gas exchange and body weight. This illustrates that 
unlike the relationship assumed in previous studies, 
flow rates should not be based solely on subject 
weight. This absence of correlation may be the result 
of confounding variables, such as lung volume and 
degree of obesity. We did find a positive correlation 
between subject height and efficacy of gas exchange. 
Height is strongly correlated with vital capacity and 
residual volume (10), and it may be that larger lung 
volumes promote gas mixing because of increased 
mean airway diameter. 

Efficacy of gas exchange was also strongly corre- 
lated with subject age. This may be the result of the 
increases in functional residual capacity and residual 
volume associated with increasing age (10). Another 
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factor may be the decrease in collateral airway resis- 
tance seen with aging in animals and in humans 


(11-13). It is known that lack of collateral airways 


impairs gas exchange during endobronchial insuffla- 
tion of oxygen (14). The patients in our study were 
considerably older, averaging 62.4 + 8.4 yr, than 
those reported in previous human studies (Babinski, 
et al. [3], average 40.3 yr; Breen et al. [4], average 25.2 
+ 8.1 yr; Perl et al. [5], five patients, 42-65 yr), and 
this may have contributed to the improved carbon 
dioxide elimination seen in our study population. 

The results of this study have implications for the 
mechanisms of gas exchange during continuous-flow 
ventilation. Cardiogenic oscillations have been con- 
sidered an important mechanism in promoting gas 
mixture in the lungs (15), especially during constant 
flow ventilation (16-18). They have been postulated 
to be directly transmitted across the pericardium and, 
lung parenchyma (19,20), because cardiogenic gas 
mixing remains unchanged when the pulmonary 
artery is occluded (20). One result of sternal retraction 
and pericardiectomy is to minimize direct contact 
between the heart and lungs, which should reduce or 
eliminate the contribution of cardiogenic oscillations 
to gas mixing. Because gas exchange was as good as. 
or better than that shown in other studies in closed- 
chest humans, it appears that cardiogenic oscillations 
are an insignificant gas-mixing mechanism during 
endobronchial insufflation of oxygen in humans. The 
success of endobronchial insufflation of oxygen in 
these patients may therefore have depended on al- 
ternative mechanisms for promoting gas exchange. 
For example, it is thought that lung vibration induced 
by turbulent flow in the airways increases gas mixing 
during continuous-flow ventilation (21). In our study, 
vibration of the lung surface was palpable in all 
patients. 

Our study endorses the conclusions of previous 
authors (3-5,22) that, because the lungs, rib cage, 
diaphragm, and abdomen remain stationary, endo- 
bronchial insufflation of oxygen may be of clinical 
benefit in certain situations, such as intrathoracic 
surgery or imaging procedures. In our study there 
was consistent improvement in surgical exposure. An 
alternative clinical avenue for endobronchial insuffla- 
tion of oxygen is as a supplement to CMV in patients 
with respiratory failure, where high airway pressures 
and gas flows may exacerbate the lung injury. Gilbert 
et al. (23) used endobronchial insufflation of oxygen 
at 8 L/min during the expiratory phase of CMV in a 
20-yr-old, 64-kg adult with respiratory distress syn- 
drome after other forms of ventilation proved inade- 
quate. With this combination, CMV tidal volumes 
and airway pressures could be greatly reduced. In 
situations where extracorporeal carbon dioxide re- 
moval is unavailable, application of some form of 
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endobronchial insufflation of oxygen may make an 
important contribution to life support. 

Some concern over the safety of endobronchial 
insufflation is appropriate. When continuous high- 
flow insufflation is used, inadvertent obstruction to 
expiratory gas flow could quickly have catastrophic 
results, such as pneumothorax and gas embolism. 
Furthermore, the method used in this, and in previ- 
ous studies, to monitor Paw is not failsafe in that 
obstruction of the pressure-monitoring lumen could 
allow true Paw to increase undetected. In addition, 
there is some evidence (24) that significant pressure 
gradients may exist between the trachea and periph- 
eral parts of the bronchial tree during endobronchial 
insufflation. In the present study, we were able to 
satisfy our own concerns for patient safety by direct 
observation of the lungs to confirm the direct Paw 
measurements and to rule out hyperinflation. For 
future closed-chest human studies, some alternative 
alarm system, such as a monitor of expiratory gas 
flow, is desirable. Although laryngeal and bronchial 
mucosal erosion during endobronchial insufflation 
must also be of concern, no evidence for this was 
found either in our study or in previous human 
studies (3-5). In animal models, up to 72 h of high- 
frequency jet ventilation (when gas velocities and 
shear rates exceed those of continous-flow tech- 
niques) using adequate gas humidification failed to 
produce discernible tracheobronchial mucosal dam- 
age by either light or electron microscopy (25,26), 
although when dry gas was used, tracheal mucosal 
damage was found. 

Although we would not advocate routine clinical 
use of this somewhat labor-intensive ventilatory tech- 
nique, we believe that the clinical results are promis- 
ing enough to justify further research. 


References 


1. Lenhert BE, Oberdoster G, Slutsky AS. Constant-flow ventila- 
tion of apneic dogs. J Appl Physiol 1982;53:483-9. 

2. Slutsky AS, Menon AS. Catheter position and blood 
during constant-flow ventilation. J] Appl Physiol 1987;62:513- 
SI. 

3. Babinski MF, Sierra OG, Smith RB, Leano E, Chavez A, 
Castellanos A. Clinical application of continuous flow apneic 
ventilation. Acta Anaesthesiol Scand 1985;29:750-2. 

4. Breen PH, Sznajder JI, Morrison P, Hatch D, Wood LDH, 
Craig DB. Constant flow ventilation in anesthetized patients. 
Efficacy and safety. Anesth Analg 1986;65:1161-9. 

5. Perl A, Whitwam JG, Chakrabarti MK, Taylor VM. Continuous 
flow ventilation without respiratory movement in cat, dog and 
human. Br J Anaesth 1986;58:544—50. 

6. Babinski MF, Smith RB, Bunegin L. Continuous-flow apneic 
ventilation during thoracotomy. Anesthesiology 1986;65:399— 
404. 

7. Mackenzie CF, Moorman RC, Smith J, Gundry S, Coughlin T, 
Hankins J. Gas mixing during apnea and continuous flow 
ventilation at low lung volumes (abstract). Anesthesiology 
1987;67:A540. 


ANESTH ANALG 


10. 


11. 


_ 1992;75:219-25 


. Barnas GM, Mills PJ, Mackenzie CF, et al. Dependencies of 


respiratory system resistance and elastance on amplitude and 
frequency in the normal range of breathing. Am Rev Respir Dis 
1991;143:240-4. 


. Comroe JH, Dripps RD. Artificial respiration. JAMA 1946;130: 


381-3. 

Agostini E, Hyatt RE. Static behavior of the respirato a 
In: Fishman AP, Macklem PT, Mead J, Geiger SR, Hand- 
book of physiology. Section 3, Volume 3, Part 1. Bethesda, 
Maryland: American Physiological Society, 1986:113-30. 
Terry PB, Menkes HA, Tra RJ. Effects of maturation 
and aging on collateral ventilation in sheep. J Appl Physiol 
1987;62:1028-32. 

Woolcock AJ, Macklem PT. Mechanical factors influencing 
collateral ventilation in human, dog, and pig lungs. J Appl 
Physiol 1971;30:99-115. 


. Rosenberg DE, Lyons HA. Collateral ventilation in excised 


human lungs. Respiration 1979;37:125-34. 


. Webster P, Menon AS, Slutsky AJ. Constant-flow ventilation 


in pigs. J Appl Physiol 1986;61:2238-41. 


. West JB, Hugh-Jones P. Pulsatile gas flow in bronchi caused by 


the heart beat. J Appl Physiol 1961;16:697—702. 


. Slutsky AS. Gas mixing by cardiogenic oscillations: a theoret- 


ical quantitative analysis. J Appl Physiol 1981;51:1287-93. 


. Cybutsky JJ, Abel JG, Menon AS, Salerno TA, Lichtenstein SV, 


Slutsky AS. Contribution of cardiogenic oscillations to gas 
exchange in constant-flow ventilation. J Appl Physiol 1987;63: 
564-70. 


19. 


21. 


24. 


26. 


CARDIOVASCULAR ANESTHESIA WATSONETAL. 225 
ENDOBRONCHIAL INSUFFLATION OF O, 


. Burwen DR, Watson J, Brown R, Josa M, Slutsky AS. Effects of 


eae ae oscillations on gas mixing during tracheal insuffla- 
tion of oxygen. J Appl Physiol 1986;60:965-71. 

Engel LA, Menkes H, Wood LDH, Utz G, Joubert J, Macklem 
PT. Gas mixing during breath holding studied by intrapulmo- 
nary gas sampling. J Appl Physiol 1973;35:9-17. 


. Mackenzie CF, Skacel M, Barnas GM, Brampton WJ, Alana 


CA. Effects of cardiac oscillations and lung volume on acinar 
gas mixing during apnea. J Appl Physiol 1990;68:2013-8. 
Bitterman H, Kerem DH, Shabtal Y, Gavriely N, Palte T. 
Respiration maintained by externally applied vibration and 
tracheal insufflation in the cat. Anesth Analg 1983;62:33-8. 
Mackenzie CF, Barnas GM, Smalley J, Moorman R, Baptiste J. 
Low-flow endobronchial insufflation with air for 2 hours of 
apnea provides ventilation adequate for survival. Anesth An- 
alg 1990;71:279-84. 


. Gilbert J, Bunegin L, Larsson A, et al. Intermittent flow 


expiratory ventilation: new technique of limited excursion 
e ventilation. Crit Care Med 1991;19:1086-9. 

umacker PT, Solway J, Wood LDH, Sznajder JI. Lobar 
contribution to Va/Q inequality during constant-flow ventila- 
tion. J Appl Physiol 1988;65:2132-7. 


. Keszler M, Klein R, McClellan L, Nelson D, Platt M. Effects of 


conventional and high frequency jet ventilation on lung paren; 
chyma. Crit Care Med 1982;10:514-6. 

Doyle HJ, Napolitano AE, Lippman HR, et al. Different hu- 
midification systems for high-frequency jet ventilation. Crit 
Care Med 1984;12:815-9. 


NEUROSURGICAL ANESTHESIA 
Section Editor 
Donald S. Prough 
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Resuscitation From Lethal Venous Air Embolism: 
Effect of Nitrous Oxide on Air Retrieval 
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A modification of a new Arrow prototype catheter 
was evaluated for its ability to retrieve venous air 
emboli and for its effect on the success rate of re- 
suscitation from venous air emboli in dogs anesthe- 
tized with isoflurane and nitrous oxide (66%) in 
oxygen. In an additional group of dogs, nitrogen was 
substituted for nitrous oxide in the inspired gases to 
determine whether the presence of nitrous oxide (as 
traditionally used in this model of lethal venous air 
emboli) increased the apparent amount of gas re- 
trieval or altered the success rate of resuscitation. 
Dogs were placed in the seated position with the 
head 90° to the horizontal. The modified Arrow 
prototype catheter was placed with the proximal 
orifice just above the superior vena cava-right atrial 
junction and the distal orifice near the mid-right 
atrium. Dogs were then given a predetermined lethal 
dose of air (5 mL/kg) over 30 s through the jugular 
vein. Attempts to aspirate venous air emboli were 
begun with the first decrease in expired CO,. The 
amounts of gas retrieved, expressed as a percent of 





the injected air, and the incidence of successful re- 
suscitation were compared between groups. In both 
treatment groups (nitrous oxide and nitrogen), the 
percent of injected venous air retrieved (73% + 13% 
and 65% + 21%, mean value + sp, respectively) and 
success rate of resuscitation (four of six dogs in each 
group) were significantly increased compared with 
the control group in which no attempt was made to 
retrieve injected venous air, and none of the six dogs 
survived. The success rate of resuscitation and per- 
cent of injected air retrieved (expressed as either that 
for all dogs or that for only survivors) in dogs 
receiving nitrous oxide were not significantly differ- 
ent compared with dogs receiving nitrogen. It is 
concluded that this modification of the Arrow proto- 
type catheter is effective for aspiration of venous air 
and for resuscitation of dogs placed in the seated 
position and that the presence of nitrous oxide in the 
inspired gases does not affect the results in this 
model. 

(Anesth Analg 1992;75:226-31) 





newly developed catheter prototype was used 

to retrieve 35 mL of air after the occurrence of 
a life-threatening venous air embolism (VAE) during 
a sitting craniotomy. The catheter prototype (Arrow 
International, Reading, Pa.) was 70 cm in length, 
with a balloon tip, end hole, and eight side holes. In 
previous studies (2-4) from this laboratory, the per- 
cent of VAE retrieval and the success rate of resusci- 
tation from VAE were determined in dogs for a 
variety of catheters and sheaths: a single-orifice Sor- 
ensen CVP kit catheter, an American Edwards 7F 
Swan-Ganz catheter, a Cook Bunegin-Albin multi- 
orifice catheter, Cook single- and multiorifice pulmo- 
nary artery catheter introducer sheaths, and an Ar- 


JR eens" Noel (1) described a case in which a 
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row Antecubital Central Venous catheter. There are 
no laboratory studies reporting the percent of VAE 
retrieval and the success rate of resuscitation from 
VAE with the new Arrow prototype catheter. One 
purpose of the present study was to examine the 
efficacy of a modified version of the new Arrow 
prototype catheter in a model that would permit 
comparison with the previously studied catheters 
and sheaths. 

In previous studies from this laboratory, dogs 
were anesthetized with 0.5% isoflurane and 66% 
nitrous oxide (N,O) in oxygen during VAE. Conse- 
quently, NO may have contributed to the gas re- 
trieval from catheters or sheaths and therefore caused 
an overestimation of the percent of VAE retrieval 
with those catheters or sheaths. The second purpose 
of the present study was to determine whether the 
presence of N,O in the inspired gases during lethal 
VAE in dogs alters the percent of VAE retrieved with 
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the modified version of the new Arrow prototype 
catheter. 


Methods 


The experimental protocol was similar to that used 
previously in this laboratory for studies of VAE in 
dogs (2-4). The study was approved by the Institu- 
tional Animal Care Committee. Eighteen dogs 
(weight 16-22 kg) were anesthetized with isoflurane 
(1.7% inspired) and N,O (66%) in oxygen. The dogs’ 
lungs were ventilated to maintain arterial O, tension 
(Pao) >120 mm Hg and arterial CO, tension (Paco,) 
at 35-40 mm Hg. Expired CO, was continuously 
monitored with a Beckman LB-2 medical gas ana- 
lyzer. An electronic offset was used to minimize 
interference by expired N,O on the strip chart re- 
corder display. The left jugular vein was cannulated 
for injection of air. The right jugular vein was cannu- 
lated with the Arrow prototype catheter for measure- 
ment of central venous pressure (CVP) and, where 
appropriate, retrieval of injected air (see following 
text). Because only 6% + 2% of injected air was 
retrieved with the Arrow Antecubital Central Venous 
Catheter (four oval side orifices, each 1.0 x 1.5mm in 
diameter, with the most proximal orifice placed ap- 
proximately 3 cm from the tip [4]), the new Arrow 
prototype catheter (internal diameter approximately 
1.8 mm) was modified by placing 10 oval side orifices 
(five on one “side” of the catheter and another five on 
the opposite “side”}, each 1.0 x 1.5 mm in diameter, 
with the most distal orifice 1.5 cm from the tip and 
the most proximal 6.0 cm from the tip. The right 
femoral vein was cannulated for fluid administration. 
A femoral artery was cannulated for sampling of 
blood for gas analysis and for continuous monitoring 
of systemic arterial pressure and heart rate. Mean 
arterial pressure was determined by electronic inte- 
gration. Temperature was monitored by a nasopha- 
ryngeal thermistor probe and maintained at 37.0 + 
0.5°C by heat lamp or ice packs. Vascular volume was 
maintained by continuous infusion of saline solution 
(4-6 mL-kg~*-min™*). 

The dogs were turned to the prone position and 
the head slightly elevated and fixed in a stereotactic 
frame. A midsagittal scalp incision was made to 
expose the left calvarium; a burr hole was made over 
the left hemisphere; and a catheter was directed into 
the underlying ventricle for measurement of cerebro- 
spinal fluid pressure. At the conclusion of the surgi- 
cal preparation, wound edges were infiltrated with 
bupivacaine (0.5%), and the concentration of isoflu- 
rane was decreased to 0.5% (inspired, %N,O un- 
changed). 

The dogs were then seated on a chair and the head 
was fixed in a stereotactic frame So that the head and 
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upper trunk were in the upright position (i.e., 90° to 
the horizontal). Up to 200 mL of saline solution was 
administered to achieve a CVP of approximately 
2 mm Hg with the transducer zeroed at the top of the 
atrium. Once systemic variables had stabilized 
(25 min after decreasing isoflurane to 0.5%), baseline 
values for systemic variables were recorded. These 
included CVP, mean arterial pressure, cerebrospinal 
fluid pressure, heart rate, arterial blood gas tensions, 
arterial blood hemoglobin levels, and nasopharyn- 
geal temperature. l 

The dogs were randomly assigned to one of three 
groups. In the first (control) group of six dogs, the 
modified Arrow prototype catheter was used to mea- 
sure CVP but was not used to aspirate air. Inspired 
N,O was continued at 66%. In the second group of 
six dogs, the modified Arrow prototype catheter was 
used to measure CVP and to aspirate air. Inspired 
N.O was continued at 66%. In the third group of six 
dogs, NO was discontinued and replaced with ni- 
trogen to achieve an inspired concentration of 66% in 
oxygen. As in the second group, the modified Arrow 
prototype catheter was used to measure CVP and to 
aspirate air. In all three groups, the modified Arrow 
prototype catheter was examined in a position close 
to that reported by Bunegin et al. (5) as optimal for 
aspirating air with a multiorifice catheter. The proxi- 
mal orifice of the modified Arrow prototype catheter 
was placed approximately 2-3 cm above the junction 
of the superior vena cava (SVC) and right atrium (RA) 
and the distal orifice near the mid-RA (approximately 
3-4 cm below the RA-SVC junction). The catheter 
was positioned by using it as an exploring electrocar- 
diographic lead (6). The balloon at the catheter tip 
was not inflated during catheter placement. 

The multiorifice portion of the catheter was ad- 
vanced until the point of maximal negative P-wave 
deflection with no positive P-wave component. This 
point was taken to indicate that the multiorifice 
portion of the catheter was at the SVC-RA junction. 
The catheter was advanced 1-2 cm once the point of 
maximal P-wave deflection was reached. Because the 
proximal and distal orifices are approximately 6 cm 
apart, this maneuver placed the proximal orifice 
approximately 1-2 cm above the SVC-RA junction 
and the distal orifice near the mid-RA (6). 

The dose of air chosen for injection in this study 
was 5 mL/kg. This dose was chosen based on previ- 
ous reports (2-4) that 5 mL/kg, injected over 30 s, was 
the mean fatal VAE for dogs in both the prone and 
upright positions when doses of 3, 5, or 7 mL/kg air 
were administered intravenously. Resuscitation was 
not attempted in the control group but was attempted 
in the other two groups. The only method of resus- 
citation used was aspiration of VAE. Attempts to 
retrieve VAE were made with 50-mL syringes at- 
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Table 1. Systemic Values Before First Air Injection 


Control group 
(66% inspired N20) 

> (n= 6) 
Pao, (mm Hg) 138 + 19 
Paco, (mm Hg) 38 + 2 
pHa 7.34 + 0.03 
Bicarbonate (mEq/L) 19.4 + 0.9 
Hemoglobin (g/dL) 13.9 + 1.6 
MABP (mm Hg) 107 + 18 
CVP (mm Hg) 3+1 
CSF pressure, ventricular (cem H,O) 10 +1 
HR (beats/min) l 106 + 18 
Temp, nasopharyngeal (°C) 37.2 + 0.5 
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Modified Arrow catheter groups 
66% inspired NO 66% inspired nitrogen 
(n = 6) (n = 6) 
133 + 15 137 + 12 
38 +2 37 +3 
7.31 + 0.01 7.31 + 0.08 
18.7 + 1.4 18.4 + 1.2 
14.9 + 2.0 14.2 + 1.7 
112 + 17 103 + 11 
2+1 Jl 
101 111 
100 + 23 112 + 17 
37.4 + 0.5 37.1 + 0.5 


Pao2, arterial O, tension; Paco,, arterial CO, tension; MABP, mean arterial blood pressure; CVP, central venous pressure; CSF, cerebrospinal fluid; HR, 


heart rate. Temp, temperature. 
Results are mean values + 8D. 


tached to the catheter. Aspiration was begun as soon 
as expired CO, decreased after injection of air. The 
“plunger” of the 50-mL syringe was pulled back 
manually with as much force as could be generated 
by hand. The negative force generated during aspi- 
ration was not measured. Aspiration was continued 
until gas was no longer seen to be entering the 
syringe. In cases where large amounts of gas were 
retrieved, it was often necessary to use more than 
one 50-mL syringe. Invariably, blood was aspirated, 
but because the amount of blood was small 
(11-28 mL) and was not significantly different be- 
tween groups, no attempt was made to reinfuse the 
aspirated blood. 

Where dogs were successfully resuscitated from 
the first VAE, 30 min was allowed for cardiovascular 
stabilization; a second dose of 5 mL/kg of air was 
injected; and attempts were made to retrieve the 
VAE. This repeat VAE was designed to determine 
whether the modified Arrow prototype catheter re- 
mained as effective with a second VAE as with a first 
VAE and whether continued administration of N.O 
(in the second group) decreased the likelihood of 
successful resuscitation from a second VAE. Where 
dogs were successfully resuscitated from the second 
VAE, 30 min was allowed for cardiovascular stabili- 
zation; a third 5 mL/kg of air was injected; and no 
attempt was made to retrieve the VAE. This third 
VAE was designed to determine whether the dogs 
that survived VAE when the catheter was used for 
resuscitation might also have survived had the cath- 
eter not been used. 

The volume of gas retrieved was expressed as 
percent of injected air. The term gas is used because 
the retrieved gas was composed of both the injected 
air and whatever amount of N,O (in the second 
group) might have diffused into the injected air. In 


the present study, the percent of injected air and 
systemic variables were compared between groups 
by analysis of variance. The incidence of successful 
resuscitation between groups and the percentage of 
VAE that was retrieved in survivors and nonsurvi- 
vors were compared by the variance ratio test (7). A P 
value <0.05 was considered statistically significant. 
Results are reported as mean values + sp. Resistance 
of this modified version of the Arrow prototype 
catheter was determined, as reported in a previous 
study (4), by measuring the flow of H,O at 10, 20, and 
30 cm H,O pressure for 1-2 min and expressing 
resistance as cm H,O-mL7?-min. 


Results 


There were no significant differences between groups 
with respect to systemic circulatory variables or blood 
chemistry before infusion of air (Table 1). The inci- 
dence of successful resuscitation from VAE was sig- 
nificantly greater with the Arrow catheter than in the 
control group (Table 2). Catheter’ resistance was 
2.04 cm H,O-mL™*-min. With both the first and 
second injections of air, the amount of gas retrieved, 
the amount of blood retrieved, the percent of injected 
air retrieved, and the success rate of resuscitation 
when N,O was continued in the inspired gases were 
not significantly different than when N,O was re- 
placed with nitrogen. Blood and gas retrieval and 
success of resuscitation in the N,O group were also 
not significantly different from that in the nitrogen 
group when only the data from the dogs surviving 
the first injection of air were compared. In dogs 
surviving the first VAE, the amount of gas retrieved 
was 72 + 17 mL, the amount of blood retrieved was 
18 + 6 mL, and the percent of inspired gas retrieved 
was 77% + 12% when N,O was continued in the 
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Table 2. Retrieval of Intravenously Injected Air and Success Rate of Resuscitation 


Control group 
(66% inspired N,O) 
(n = 6) 
First air injection 
Air injected (mL) 97.6 + 8.1 
No. of dogs 
Gas retrieved (mL) 
Blood retrieved (mL) 
Injected air retrieved (%) 
Surviving dogs (n) 
Second air injection 
Air injected (mL) 
No. of dogs 
Gas retrieved (mL) 
Blood retrieved (mL) 
Injected air retrieved (%) 
Surviving dogs (n) 
Third air injection 
Amount of air injected (mL) 
No. of dogs 
Amount of gas retrieved (mL) 
Surviving dogs (n) 


Results are mean values + gp. 
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inspired gases. When N,O was replaced by nitrogen 
in the inspired gases, the amount of gas retrieved was 
74 + 15 mL, the amount of blood retrieved was 18 + 
6 mL, and the percent of inspired gas retrieved was 
78% + 8%. 

With the first injection of air, the proportion of 
survivors where a “large” amount of injected air was 
retrieved (previously defined as >62% of injected air 
[2-4]) was 4/4 when N,O was continued in the 
inspired gases and 4/4 when N,O was replaced with 
nitrogen. In nonsurvivors, >62% of injected air was 
retrieved in one of two dogs with N,O and none of 
two dogs with nitrogen. With the second injection of 
air, >62% of injected air was retrieved in four of four 
survivors with NO and four of four survivors with 
nitrogen. 


Discussion 

One principal finding of the present study was that 
the modification of the Arrow prototype catheter 
allowed retrieval of most of the dose of intravenously 
injected air and provided resuscitation from a lethal 
dose of venous air in most dogs. The percent of 
injected venous air retrieved (65% + 21% to 73% + 
13%) was qualitatively similar to that previously 
reported with the Bunegin-Albin catheter (63% + 
14%, mean value + sem) and with Cook single- and 
multiorifice pulmonary artery (PA) catheter intro- 
ducer sheaths (56% + 24% and 79% + 30%, respec- 


Modified Arrow catheter groups 
66% inspired N,O 66% inspired nitrogen 
(n = 6) (n= 6) 
91.3 + 7.2 97.2 + 8.9 
6 6 
67.3 + 15.7 62.7 + 21.3 
20.3 + 5.6 20.3 + 5.9 
73.2 + 13.4 65.0 + 20.7 
4/6 4/6 
92.8 + 8.8 95.3 + 10.8 
4 4 
66.3 + 10.2 69.5 t 6.2 
14.0 + 4.5 14.5 + 3.0 
71.0 + 5.4 73.3 + 2.2 
4/4 4/4 
92.8 + 8.8 95.3 + 10.8 
4 4 
0 0 
0/4 0/4. 


tively, mean values + sp) in dogs in the seated 
position (3,4). The percent of injected venous air 
retrieved with the modified Arrow prototype was 
qualitatively greater than that previously reported 
when both ports (CVP and PA) of a PA catheter were 
aspirated simultaneously (14% + 10% to 16% + 18%, 
mean values + sp) in dogs in the seated position 
(3,4). Gas retrieved with the modified Arrow proto- 
type also was qualitatively greater than that pre- 
viously reported when a Sorensen catheter was 
located in the SVC (16% + 6%, mean value + sEM) or 
the mid-RA (10% + 3%) in dogs in the prone position 
(2). 

The success rate of resuscitation with the modified 
Arrow prototype was qualitatively similar to that 
previously reported with the Bunegin-Albin catheter 
in seated dogs (four of six) and prone dogs (six of 
nine) (2,4). The success rate of resuscitation with the 
modified Arrow prototype was qualitatively greater 
than that previously reported with Cook single- and 
multiorifice PA catheter introducer sheaths (three of 
six and two of six dogs, respectively; not significantly 
different from control animals in that study), when a 
Sorensen catheter was located in the SVC or mid-RA 
(none of seven dogs in both groups; not significantly 
different from control animals in that study) (2,3), or 
when both ports of a PA catheter were aspirated 
simultaneously (one of’ six dogs in each of two stud- 
ies; not significantly different from the respective 
control animals in each study) (3,4). It should be 
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noted that positioning and aspiration of the catheter 
in this study (distal orifice near mid-RA with use of 
intravascular electrocardiography) differed from that 
reported by Noel (1) (placement first in the PA and 
then withdrawal into the RA-SVC junction during 
VAE after gas was retrieved from the PA). 

Another principal finding of the present study was 
that the presence of N20 in the inspired gases during 
lethal VAE did not alter the percent of gas retrieved 
or the success rate of resuscitation. The percent of gas 
retrieved and success rate of resuscitation with 66% 
inspired N20 in oxygen were not significantly differ- 
ent from that with 66% inspired nitrogen in oxygen 
for either the first intravenous injection of air or the 
second injection. With injection of a lethal dose of air 
over 30 s, expired CO, decreased, and catheter aspi- 
ration was begun within 30 s of completing the VAE 
injection. Thus, <60 s was available for passage of 
N20 into the VAE. This period may not be sufficient 
for significant amounts of N,O to enter VAE (8). In 
loops of stomach, small intestine, or colon irrigated 
with 20-120 mL of air, N-O (70%-80% inspired in 
oxygen) increased the volume of gas by approxi- 
mately 30% after approximately 30 min of exposure to 
NO. In a closed pneumothorax produced with 
300 mL of air, N.O (68%-78% inspired) increased the 
volume by 100% after 10 min of exposure to N,O. In 
endotracheal tube cuffs inflated with air, NO in- 
creased the volume by 15%-70% after 60 min of 
exposure to N,O. Thus, the maximal calculated in- 
crease in VAE volume in the present study resulting 
from inward diffusion of N,O is approximately 
7.5%,* whereas the minimal calculated increase in 
VAE is <1%. 

The resistance of this modified version of the new 
Arrow prototype catheter (2.04 cm H,O-mL~?-min) 
was qualitatively greater than that previously re- 
ported with the Cook Bunegin-Albin multiorifice 
catheter (0.77 cm H,O-mL™?-min) and less than that 
previously reported with the Arrow Antecubital 
Central Venous catheter (5.75 cm H,O-mL7?-min) 
and the RA and PA ports of the American Edwards 
7~ Swan-Ganz catheter (8.70 and 10.20 cm 
H,O-mL"*-min) (4). 

With regard to the experimental design of the 
present study, intravenous injection of a second dose 
of air after successful resuscitation from the first dose 
permitted assessment of the effectiveness of the Ar- 
row prototype catheter for recurrence of VAE. In 
dogs breathing 66% nitrogen in oxygen, the similarity 


“Exposure of VAE during intravenous injection of air was 
estimated as the mean of no exposure (0 s) and exposure of full 
VAE to N,O (30 s). Maximal aoe aude of VAE after injection 
was 30 s. Thus, estimated exposure time (total) was 
approximately 45 s. Estimated maximal expansion rate (taken from 
previously published pneumothorax data) was 10%/min. 
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in percent of gas retrieved from survivors of the first 
VAE (78% + 8%) and survivors of the second VAE 
(73% + 2%) indicates that the Arrow prototype 
catheter remains useful for aspiration of air entering 
the heart by the SVC. In dogs breathing 66% NO in 
oxygen, the similarity in percent of gas retrieved from 
survivors of the first VAE (77% + 12%) and survivors 
of the second VAE (71% + 5%) indicates that the 
continued administration of N,O after successful 
resuscitation from VAE does not decrease the use- 
fulness of the Arrow prototype catheter for aspiration 
of air entering the heart by the SVC. In both groups, 
the percent of air retrieved after a second intravenous 
injection of air was similar to the percent of air 
retrieved with the Bunegin-Albin catheter after a 
second VAE in a previous study (76% + 10%, au- 
thor’s unpublished data from previous study [4]). 
In the present study, the finding that all dogs suc- 
cessfully resuscitated from the first dose of intrave- 
nously injected air (four of four dogs in both the 
NO and nitrogen groups) were also successfully 
resuscitated from the second dose indicates that the 
Arrow prototype catheter remains effective for resus- 
citation from recurrence of VAE. This finding may 
also suggest that the catheter was in a better position 
in these dogs compared with those that did not 
survive. The finding that dogs surviving a second 
VAE when the Arrow prototype catheter was used to 
aspirate air did not survive a subsequent VAE when 
no attempt was made to aspirate air suggests that 
5 mL/kg would have been a fatal dose of intravenous 
air for the N,O and nitrogen groups, as well as for the 
control group. 

In summary, in dogs in the seated position, a 
modification of a new Arrow prototype catheter per- 
mitted retrieval of large amounts of intravenously 
injected air and successful resuscitation from lethal 
VAE in 8 of 12 dogs. The effectiveness of this modi- 
fied Arrow prototype catheter equaled that of the 
Bunegin-Albin catheter, previously reported to be the 
most effective catheter (among those approved for 
use in patients) for resuscitation in this model of VAE 
(2-4). The presence of N2O in the inspired gases 
during lethal VAE did not increase the apparent 
percentage of VAE retrieved and did not decrease (or 
increase) the success rate of resuscitation from VAE 
compared with that in dogs breathing nitrogen in 
oxygen. The present results support further study of 
a modified form of this new Arrow prototype catheter 
for use in patients. 
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Intracranial Pressure Effects of Dexmedetomidine in Rabbits 


Mark H. Zornow, MD, Mark S. Scheller, MD, Patrick B. Sheehan, MD, 
Martin A. P. Strnat, Ms, and Mishiya Matsumoto, MD 


Department of Anesthesiology, University of California at San Diego, San Diego, California 


The a,-adrenergic receptor agonist dexmedetomidine 
produces an anesthetic state in a eri of species. 
Although its effects on cerebral blood flow and the 
electroencephalogram have been investigated, the 
effect of this drug on intracranial pressure (ICP) has 
not been reported previously. Dexmedetomidine 
therefore was intravenously administered to 24 New 
Zealand white rabbits that had been anesthetized. 
with halothane and mechanically ventilated to main- 
tain a constant arterial CO, tension (Paco,) between, 
34 and 39 mm Hg. After placement of an arterial 
catheter and ventricular cannula, baseline measure- 
ments of monitored variables, including heart rate, 
mean arterial blood pressure, ICP, end-tidal CO, 
body temperature, and arterial blood gases, were 
recorded. Dexmedetomidine (20, 80, or 320 pg/kg IV) 
or saline solution was then infused over a 10-min 
period. The ICP transiently decreased by 31% in the 
20-ug/kg group (from a mean value of 9.4 + 1.3 [sem] 


onist of the a-adrenergic receptor (1,2). It has 

been shown to possess anestheticlike proper- 

ties in a variety of species and to be capable of 
reducing volatile anesthetic requirements during sur- 
gery in humans (3,4). More recently, it has been. 
shown to possess neuroprotective properties in an 
animal model of transient global ischemia (5). The 
potential to antagonize the anesthetic activity of 
dexmedetomidine with a,-antagonists (e.g., ida- 
zoxan, atipamezole) (6) may make this drug useful 
during neurosurgical procedures where prompt 
awakening from anesthesia is often a desirable goal. 
Previous studies (7,8) conducted in dogs have 
demonstrated that dexmedetomidine can decrease 
cerebral blood flow, presumably by a-adrenergic 


[ iome ere is a potent and selective ag- 
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to 6.5 + 1.0 mm Hg, P < 0.05). In the 320-ug/kg 
group, ICP remained unchanged over the course of 
the study despite a significant increase in arterial 
blood pressure (32 mm Hg). The effects of dexme- 
detomidine on ICP were next investigated in the 
presence of intracranial hypertension produced by a 
ot ate lesion (mean baseline ICP 16.8 mm Hg). In 
dition to the previously monitored variables, sag- 
ittal sinus blood flow was measured by the hydrogen 
clearance technique before and after the administra- 
tion of dexmedetomidine (320 ug/kg IV). In these 
experiments, dexmedetomidine was associated with 
a 14% decrease in sagittal sinus blood flow that was 
not statistically significant. There was no change in 
ICP after the administration of dexmedetomidine in 
this model of intracranial hypertension. From these 
studies, we conclude that dexmedetomidine has min- 
imal effects on ICP in halothane-anesthetized rabbits. 
(Anesth Analg 1992;75:232-7) 


receptor-mediated vasoconstriction. These findings 
suggest that the administration of dexmedetomidine 
may decrease intracranial pressure (ICP) by decreas- 
ing cerebral blood volume. To investigate this possi- 
bility, we first examined the cerebral and hemody- 
namic effects of three different bolus doses of 
dexmedetomidine in halothane-anesthetized rabbits. 
Next, the effects of dexmedetomidine on cerebral 
blood flow and ICP were studied in a model of acute 
brain injury and preexisting intracranial hypertension 
produced by a cryogenic lesion. 


Methods 
Phase I: Dose-Range Study 


Twenty-four New Zealand white rabbits weighing 
2.5 + 0.1 kg (mean + sem) were anesthetized with 4% 
halothane in a Plexiglas box. An ear vein catheter was 
inserted for the administration of maintenance fluids 
(0.9% saline solution at 4 mL-kg~*-h~*) and drugs. 
The animals’ tracheas were intubated with a 3.0-mm 
internal diameter (ID) cuffed tube and mechanical 
ventilation was begun (rate of 25 breaths/min with 


©1992 by the International Anesthesia Research 
0003-2999/92/$5.00 


ANESTH ANALG i 
1992;75:232-7 


a tidal volume of 40 mL) with 1.5%-2.0% halothane in 
oxygen. Ventilation was subsequently adjusted on 
the basis of frequent arterial blood gas evaluation to 
maintain an arterial CO, tension (Paco,) of 
35-40 mm Hg. An esophageal temperature probe was 
used to servocontrol the animals’ temperatures to 
37°C through the use of heat lamps and a warming 
pad. After infiltration with 0.25% bupivacaine, a 
femoral arterial catheter was inserted for the contin- 
uous monitoring of arterial blood pressure and inter- 
mittent determination of arterial blood gases. Finally, 
the scalp was incised in the midline and reflected 
laterally to expose the surface of the skull. A 2-mm- 
.diameter burr hole was drilled 8 mm lateral and 7 mm 
posterior to the bregma. A stereotactic manipulator 
was used to advance a ventriculostomy needle into 
the lateral ventricle for the measurement of ICP. 

After completion of surgical preparation, the ani- 
mals were randomly assigned to receive 20 (n = 6), 80 
(n = 6), or 320 (n = 6) pg/kg IV of dexmedetomidine 
or an equal volume (7 mL) of saline solution (n = 6) by 
10-min infusion. Monitored variables (arterial blood 
pressure, ICP, heart rate, arterial blood gases, temper- 
ature, and i halothane concentration) were re- 
corded at 5 and 10 min (t = —5 and t = —10) before 
starting the dexmedetomidine infusion at t = 0 and 
then again at 1, 5, 10, 20, 30, and 40 min after the start 
of the infusion. Data were analyzed with two-way 
analysis of variance (ANOVA), followed by Dunnett's 
test to compare the values obtained for the saline 
solution group versus the dexmedetomidine groups at 
each of the measurement points. To examine the effects 
of an a- versus an a-adrenergic agonist on ICP in this 
experimental setting, an additional seven rabbits were 
prepared in the manner previously described. After 
recording of baseline values, phenylephrine was in- 
fused at rates sufficient to duplicate the changes in 
arterial blood pressure that were observed in the 
320-ue/ke dexmedetomidine group. 


Phase II: Acute Brain Injury Model 


The 13 animals used in this portion of the study were 
anesthetized and surgi in a manner iden- 
tical to that used in phase I. In addition, a cryogenic 
lesion was created over the left hemisphere by cement- 
ing a funnel (mouth diameter 15 mm) to the skull. 
Liquid nitrogen was poured into this funnel for a period 
of 40 s. The funnel was then removed and the cortical 
freeze lesion allowed to mature for 1 h. During this 
time, a small craniotomy was performed to expose the 
confluence of sinuses. A platinum-iridium needle elec- 
trode was advanced into the sinus for measurement of 
cerebral blood flow using the hydrogen clearance tech- 
nique (9-11). In a randomized fashion, dexmedetomi- 
dine (320 ug/kg) or an equal volume of saline solution 
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was administered over a 5-min period. Monitored var- 
iables were recorded immediately before the dexme- 
detomidine infusion (t = 0) and at 1, 3, 5, 6, 7, 10, and 
20 min after the start of the infusion. Cerebral blood 
flow data were obtained before the start of the drug 
infusion and after its completion. Data were analyzed 
using statistical methods similar to those described for 
the phase I study. 


Results 
Phase I 


There were no significant differences among the 
various groups during the course of the study for pH, 
arterial O, tension (Pao,), or Paco. The Paco, values 
ranged between 34 and 39 mm Hg (Table 1). Mean 
arterial blood pressure (MAP) decreased by approxi- 
mately 20% in those animals that received 20 pg/kg of 
dexmedetomidine. In contrast, 80- and 320-ug/kg 
doses resulted in transient increases in arterial blood 
pressure, which returned to baseline or less within 
15-20 min of completing the dexmedetomidine infu- 
sion (Figure 1). The MAP in the 80-ye/kg group was 
significantly decreased at t = 30 and t = 40 min 
compared with the saline solution group. Heart rate 
decreased in all drug-treated groups in a significant 
manner (Figure 2). The most profound bradycardia 
occurred in the 320-ug/kg group. Heart rate had 
started to return toward baseline values by comple- 
tion of the study at t = 40 min. The ICP decreased 
significantly in the 20-ug/kg group at t = 5 and t = 
10 min compared with preinfusion baseline values. 
There was no significant change in ICP in the 80- or 
320-ug/kg groups (Figure 3). In those animals that 
received phenylephrine (mean total dose 93 + 
8 g/kg), temporal changes in arterial blood pressure 
were similar to those produced by 320 pg/kg of 
dexmedetomidine. The ICP remained unchanged 
from baseline values throughout the phenylephrine 
infusion. 


Phase II 


One hour after the production of the cryogenic le- 
sion, ICP had doubled to a mean of 16.8 mm Hg, but 
there was no difference between the dexmedetomi- 
dine (18 + 4mm Hg) and saline solution groups (16 + 
9 mm Hg). Subsequent infusion of 320 peg/kg of 
dexmedetomidine resulted in a prompt but transient 
elevation of MAP (from a baseline of 64 mm Hg to a 
peak of 109 mm Hg) (Figure 4), similar to that 
observed in the phase I study. There were no signif- 
icant differences in ICP between the two groups at 
any time despite the abrupt and significant change in 
arterial blood pressure in the dexmedetomidine 
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Table 1. pH and Arterial Blood Gas Variables for Phase I of Study 
| Study group Baseline t= 5 min t = 40 min 
pHa Saline solution 7.39 + 0.02 7.37 + 0.01 7.35 + 0.02 
Dexmedetomidine 
20 palke 7.39 + 0.01 7.37 + 0.02 7.38 + 0.01 
80 pg/kg 7.45 + 0.02 7.43 + 0.02 7.43 + 0.03 
320 pg/kg 7.40 + 0.02 7.39 + 0.02 7.39 + 0.03 
Paco, (mm Hg) Saline solution 36.2 + 0.7 37.5 + 0.7 36.3 + 1.1 
Dexmedetomidine 
20 pe/ke 39.7 + 1.1 38.7 + 1.2 37.3 + 0.8 
80 ug/kg 34.2 + 1.8 34.3 + 1.4 36.3 + 0.7 
320 pg/kg 36.2 + 2.4 35.3 + 0.8 37.5 + 1.6 
Pao, (mm Hg) Saline solution 198 + 24 215 + 25 221 + 14 
Dexmedetomidine l 
20 pe/ke 178 + 13 175 + 12 257 + 47 
80 ugikg 199 + 22 204 + 20 215.2: 13 
320 pe/kg 223 + 36 218 + 43 217 + 41 
Base deficit/excess (mEq/L) Saline solution =2.7 +t 0.8 —3.0 + 0.5 —4.6 + 0.7 
Dexmedetomidine 
20 ug/kg =L L07 2.9 £07 —2.5 + 0.8 
80 pe/ke 0.2 + 1.1 —0.9 + 1.6 —1.1 + 0.8 
320 ug/kg 1.0 + 2.8 —0.3 + 2.0 —2.3 + 1.6 


t, Time after start of infusion; Paco,, partial pressure of CO, in arterial blood; Pao,, partial pressure of O, in arterial blood; pHa, pH of arterial blood. 


Results are mean values + sEM. 


MAP (mmHg) 





TIME (min) 
Fi L. Effect of various doses of dexmedetomidine or saline 


solution on mean arterial blood (MAP) during phase I of 
the study. Results are mean + sem. *P < 0.05 versus saline solution 
group. Bar above the x-axis indicates the duration of drug infusion. 


group (Figure 5). A 14% decrease in sagittal sinus 
blood flow in those animals that received dexmedeto- 
midine did not reach statistical significance (P = 0.29) 
(Figure 6). 


Discussion 


Dexmedetomidine is a potent agonist of the a,-subtype 
of the adrenergic receptor and has been shown to have 


HR (bpm) 





TIME (min) 


Figure 2, Effect of various doses of dexmedetomidine or saline 
solution on heart rate (HR) during phase I of the study. Results are 
mean + sEM. *P < 0.05 versus saline solution group. Bar above the 
x-axis indicates the duration of drug infusion. bpm, beats per 
minute. 


anesthetic effects in a variety of species, including rats, 
dogs, rabbits, and humans (12-15). These anesthetic 
effects are thought to be mediated through postsynap- 
tic a,-receptors that are widely distributed throughout 
the brain (13). The dosages of dexmedetomidine (20, 80, 
and 320 pg/kg) that were used in this study have been 
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Figure 3. Effect of various doses of dexmedetomidine or saline 
solution on intracranial pressure (ICP) during phase I of the study. 
Results are mean + sem. *P < 0.05 versus saline solution group. 
Bar above the x-axis indicates the duration of drug infusion. 


MAP (mmHg) 
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Figure 4. Relative effects of saline solution versus 320 ug/kg of 
dexmedetomidine on mean arterial blood pressure (MAP) during 
phase II of the study. Results are mean + sem. *P < 0.05 versus 
saline solution group. Bar above the x-axis indicates the duration of 
drug infusion. 


previously shown (15) to exert mild to profound anes- 
thetic effects in rabbits, as evidenced by a variety of 
behavioral indices, including loss of righting reflex and 
failure to withdraw from a painful stimulus. These 
doses were therefore considered appropriate for inves- 
tigations of the ICP effects of dexmedetomidine. 

In this study, dexmedetomidine produced signifi- 
cant decreases in heart rate. Although bradycardia 
has been reported in a number of other studies after 
administration of a2-agonists (7,8,14~-16), the mecha- 
nism by which this effect is produced remains un- 
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Figure 5. Relative effects of saline solution versus 320 pg/kg of 
dexmedetomidine on intracranial pressure (ICP) during phase H of 
the study approximately 1 h after cryogenic lesion. Note elevated 
baseline for ICP. Results are mean + sem. There were no signifi- 
cant differences between the two groups. Bar above the x-axis 


indicates the duration of drug infusion. 
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Figure 6. Sagittal sinus blood flow as determined by the hydrogen 
clearance technique before (PRE) and after (POST) infusion of 


dexmedetomidine (Dex) (320 g/kg) or saline solution in animals 
subjected to cryogenic lesion during phase H of the study. 


clear. Enhanced baroreceptor sensitivity, increased 
vagal tone, and decreased release of norepinephrine 
have all been suggested as contributing factors (17). 
In the present study, the bradycardia that occurred 
after the 20-ug/kg dose was associated with a de- 
crease in arterial blood pressure. This would suggest 
that enhanced baroreceptor sensitivity was not an 
operative factor. 

The effect of dexmedetomidine on arterial blood 
pressure was dose dependent. At 20 yg/kg, arterial 
blood pressure decreased by approximately 25 mm Hg 
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from baseline but had returned to predrug levels at the 
conclusion of the study 40 min later. Previous studies 
have reported either hypertension (8,18) or no change 


in arterial blood pressure (7,14) after dexmedetomidine 


administration. Thus, the observation of hypotension 
represents a novel finding. The 80-ug/kg group dem- 
onstrated a transient increase in arterial blood pressure 
immediately after infusion of the drug and then became 
hypotensive, compared with the saline solution group 
by t = 30 min. The 320-ug/kg group demonstrated a 
significant but transient increase in arterial blood pres- 
sure (Figure 1). 

Recently, it has been speculated that some of the 
variable arterial blood pressure effects may be due to 


the type of background anesthetic (19). Specifically, it 


was conjectured that the use of halothane may pre- 
vent a hypertensive response. Analysis of the various 
studies suggests that the reported variability in arte- 
rial blood pressure effects is probably due to differ- 
ences in the dose and method of administration of 
dexmedetomidine as well as the intervals at which 
arterial blood pressure was recorded (20). 

In phase I of this study, the ICP effects of various 
doses of dexmedetomidine were studied in rabbits. 
The animals had not been subjected to any form of 
brain injury, and the mean ICP, as measured by a 
ventricular cannula, was 10.8 + 3.4 mm Hg. Admin- 
istration of 20 ug/kg of dexmedetomidine produced a 
decrease in ICP of approximately 30%, which was 
noted at 5 and 10 min into the infusion. This decrease 
was temporally related to a decrease in MAP to 
approximately 52 mm Hg. Whether the observed 
decrease in ICP represents an intrinsic cerebral effect 
or is simply a reflection of a decrease in cerebral 
perfusion pressure below the lower limit of autoreg- 
ulation in these halothane-anesthetized animals can- 
not be determined by this study. The failure of ICP to 
increase after 320 ug/kg of dexmedetomidine despite 
a significant increase in arterial blood pressure (from 
75 to 107 mm Hg) suggests that this drug either has 
cerebral vasoconstricting properties in the rabbit or 
that autoregulation remained intact in these animals 
despite the 1-MAC concentration of halothane. The 
latter hypothesis is supported by the fact that admin- 
istration of phenylephrine in doses sufficient to pro- 
duce increases in arterial blood pressure similar to 
those seen with 320 ug/kg of dexmedetomidine also 
failed to produce any change in ICP. 

. To investigate further the cerebral effects of 
dexmedetomidine, the drug was administered after 
production of a cryogenic brain lesion. Cryogenic 
lesions have long been used as a model of cerebral 
injury and are characterized by the breakdown of the 
blood-brain barrier, vascular congestion, and extrava- 
sation of fluid and proteins into the extracellular 
space (21-24). In the present study, the cryogenic 
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lesion resulted in a mild degree of intracranial hyper- 
tension (mean ICP 16.8 mm Hg) and presumably 
decreased intracranial compliance. In this setting, an 
anesthetic dose of dexmedetomidine (320 ug/kg) or 
an equal volume of saline solution was administered. 
Bradycardia and hypertension similar to that noted in 
the phase I study were again noted in the animals 
receiving dexmedetomidine. The ICP gradually in- 
creased in both groups after the infusion, but there 
were no differences at any time between the two 
groups. Cerebral blood flow was estimated before 
and immediately after drug administration by use of 
a sagittal sinus electrode and the hydrogen clearance 
technique. This methodology has been previously 
described (25) and is considered to provide a valid 
estimate of cortical blood flow. Although there were 
no statistically significant differences in sagittal sinus 
flow either before or after drug administration, sag- 
ittal sinus flow did decrease by 14% in the dexme- 
detomidine group, whereas there was no change in 
the saline solution control group. 

The q@,-receptors are widely distributed through- 
out the brain (26) and have been found on the 
cerebral arterioles where they mediate vasoconstric- 
tion in response to stimulation by norepinephrine 
(27). Previous studies have demonstrated marked 
reductions in cerebral blood flow without a corre- 
sponding decrease in metabolic rate after the admin- 
istration of dexmedetomidine (7,8). This response is 
thought to be due to a,-receptor-induced arteriolar 
vasoconstriction. Cerebral vasoconstriction may re- 
sult in corresponding decreases in cerebral blood 
volume and thus in ICP. This study demonstrates 
that, in the rabbit, dexmedetomidine either decreases 
(20 g/kg) or has no effect (80 and 320 ug/kg) on ICP. 
The failure of ICP to increase in the 320-ug/kg group 
despite a 32-mm Hg increase in arterial blood pres- 
sure suggests a cerebral vasoconstrictive effect that 
may be due to a direct action of the drug on the 
cerebral vessels or to preservation of autoregulation. 
We conclude that dexmedetomidine, in a wide range 
of dosages and despite the presence or absence of a 
cryogenic brain lesion, has minimal effects on ICP in 
rabbits. 


The authors gratefully acknowledge the support and assistance 
provided by Drs. Mervyn Maze and Antero Kallio. 
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Methylprednisolone was recently reported to signifi- 
cantly improve motor and sensory function after 
acute spinal cord injury in patients. Our study was 
designed to determine whether methylprednisolone 
exerts a beneficial effect after head injury. Diethyl 
ether-anesthetized rats were assigned to receive 
surgery with no cranial impact and no methyl- 
prednisolone (group A, n = 13); surgery with no 
cranial impact and intraperitoneal methylpred- 
nisolone (260 mg/kg) (group B, n = 8); surgery with 
cranial impact and no methylprednisolone (group C, 
n = 8, and group E, n = 8); or surgery with cranial 
impact and methylprednisolone (260 mg/kg) (group 
D, n = 15, and group F, n = 13). Neurologic severity 


score was determined at 1, 2, 4, and 24 h (when 
appropriate) after injury, and brain tissue eicosanoid 
levels and cerebral edema were determined when the 
animals were killed (4 h after injury in groups C and 
D and 24 h after injury in groups E and F). Treatment 
with methylprednisolone did not improve neurologic 
severity score or edema formation and did not alter 
brain tissue levels of prostaglandin E,, thromboxane 
B>, or 6-keto-prostaglandin F; at any time period. 
The authors conclude that methylprednisolone 
does not exert a beneficial effect on brain tissue 
edema or functional activity after cranial impact in 
rats, 

(Anesth Analg 1992;75:238~-44) 





e previously characterized the changes in 

brain tissue prostaglandin and thrombox- 

ane levels, brain edema, and neurologic 
function in a rat model of nonpenetrating, blunt 
cranial impact (1-3). We reported that increased rates 
of prostaglandin and thromboxane synthesis and 
release from brain slices were demonstrated as early 
as 15 min after injury, were maximal at 1-24 h, and 
gradually resolved by 10 days after injury (3). Brain 
edema was demonstrable as early as 15 min after 
injury, was maximal at 18-48 h, and gradually re- 
solved by 10 days after injury (1). Neurologic function 
was maximally impaired immediately after injury and 
gradually resolved to almost no residual deficit by 10 
days after injury (1,2). 

In subsequent studies, we examined the effects of 
treatment with dexamethasone sodium phosphate 
and indomethacin before and after injury and treat- 
ment with free dexamethasone after injury in the 
same model (4). We reported that prostaglandin 
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synthesis was significantly decreased by indometh- 
acin or free dexamethasone but not dexamethasone 
sodium phosphate, both in sham- and head-injured 
rats. In contrast, none of the treatments significantly 
changed brain edema or neurologic outcome. 
Recently, Bracken et al. (5), in a multicenter, ran- 
domized, double-blind placebo-controlled trial, re- 
ported that methylprednisolone (30 mg/kg IV) as a 
bolus dose followed by 5.4 mg/kg for the next 23 h 
improved neurologic outcome in patients with acute 
spinal injury. We hypothesized that methylprednis- 
olone might also decrease brain eicosanoid and 
edema formation and improve neurologic outcome 
after head trauma. Our hypothesis is consistent with 
two previous reports that methylprednisolone im- 
proved neurologic outcome after head trauma in mice 
(6) and humans (7); however, in both studies, the 
results may have been affected by the methodology. 
In the study in mice, brain edema and eicosanoid 
levels were not examined, and neurologic outcome 
was examined only at 1 h after head injury (6). 
Because evolution of neurologic injury after head 
trauma is known to occur over many hours, it is not 
certain whether the beneficial effect at 1 h was a 
transient finding or indicative of the potential for 
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long-lasting neurologic improvement. In the second 
study, the positive results in a subset of patients may 
have occurred because baseline Glasgow coma scores 
were higher in the high-dose methylprednisolone 
group than in the combined low-dose/placebo group 


Accordingly, the present study was designed to 
examine for 24 h the effect of methylprednisolone on 
brain eicosanoid concentrations and edema formation 
and neurologic status after closed-head trauma or 
sham surgery in rats. The methylprednisolone dose 
regimen was designed according to the previously 
reported study of Braughler et al. (8). 


Methods 


The rats in this study were cared for according to the 
Guiding Principles in the Care and Use of Animals, as 
approved by the Council of the American Physiologic 
society and published in their Guide for Authors. The 


_ protocol for this model was reviewed and approved 


by the Animal Care Committee of the University of 
Washington. Seventy-four male Sabra rats, weighing 
330 + 42 g (mean value + sp) were anesthetized in a 
bell jar containing ether-drenched cotton. Rats 
breathed spontaneously, and their tracheas were not 
intubated. Corneal reflexes were assessed at inter- 
vals, and anesthesia was considered sufficient for 
surgery once corneal reflexes were abolished. Main- 
tenance of adequate anesthesia for the experimental 
procedure was confirmed by repeated assessment of 
corneal and pupillary reflexes. Rats were randomly 
assigned to one of six experimental groups. The 
number of rats allocated to the experimental groups 
was calculated to permit statistical analysis with a 
significance level of 0.05 and power of 0.80 for the 
normally distributed data (i.e., brain tissue specific 
gravity, water content, and eicosanoid levels), as 
recommended for biological data (9). For the hypoth- 
esis that methylprednisolone increased specific grav- 
ity and decreased water content and eicosanoid lev- 
els, compared with no treatment after closed-head 
trauma, the equation for sample size determination 
was as follows: 


_ O(Z1-g + Za) 
(Ho ~ my 


where n is the number of rats, o the standard devia- 
tion, 1 — B power, a the level of significance, and 
Ho — By, the difference between mean values consid- 
ered clinically significant. The o values taken from 
previous studies (0.0011 for specific gravity [2], 0.4% 
for water content [10], and 50 pg/mg protein for 
eicosanoid levels [3], respectively) and the py — py, 
values based on previous studies (0.001 for specific 
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gravity [2], 0.5% for water content [10], and 60 pg/mg 
protein for eicosanoid levels [3], respectively) yielded 
a minimal sample size of eight (the largest of the three 
calculated n values). Accordingly, the minimal num- 
ber of rats assigned to groups where no cranial 
impact was delivered (groups A and B) was eight. In 
this model, 10%-30% of rats receiving closed cranial 
impact were expected to die of apnea immediately 
after injury (1—4). Accordingly, the minimal number 
of rats assigned to groups where cranial impact was 
delivered (groups C-F) was 11. 

In group A (n = 13), the scalp was incised longi- 
tudinally and separated to expose the underlying 
skull. No cranial impact was delivered, and no meth- 
ylprednisolone was given. The scalp incision was 
closed; anesthesia was discontinued; and rats were 
returned to their cages, where they were allowed free 
access to food pellets and water. Rats were killed at 
24 h. In group B (n = 8), the skull was exposed 
surgically; no cranial impact was delivered; and 
methylprednisolone was administered intraperitone- 
ally (IP) in divided doses. The dosing schedule for 
methylprednisolone was as follows: 30 mg/kg IP was 
administered immediately after exposing the skull, 
15 mg/kg IP at 2 h after the scalp incision was closed, 
and 15 mg/kg IP at 4 h after discontinuation of 
anesthesia and return of rats to their cages and every 
4 h thereafter until the rats were killed. In groups C-F 
(n = 11,16,11,15), the skull was exposed, and a 
cranial impact was delivered at a prefixed point over 
the left hemisphere, 1-2 mm lateral from the midline 
on the skull convexity by a special weight-drop 
device (1). The weight-drop device was designed to 
deliver a standard blow to the cranium, resulting in a 
controlled head injury. Impact is delivered by a 
silicone-coated metal tip that extrudes from a plat- 
form falling down a frame. Settings on the frame 
control the distance of the fall off the platform (1). The 
reproducibility of the impact was previously deter- 
mined by measuring the velocity developed during 
the free fall of the platform and the change in the 
velocity of the tip on collision with the target (1). 
After head trauma, animals spontaneously breathing 
were randomized into groups C-F. 

Nine of the rats originally designated for groups 
C-F died of apnea immediately after the impact and 
were excluded from the study. All animals that 
survived a period of 5 min after impact breathed 
spontaneously and lived until they were killed at 4 or 
24 h. In groups C (n = 8) and E (n = 8), no 
methylprednisolone was administered. Rats in group 
C were killed at 4 h and rats in group E at 24 h. In 
groups D (n = 15) and F (n = 13), methylprednisolone 
was administered intraperitoneally according to the 
same dosing schedule as group B. Rats in group D 
were killed at 4 h and rats in group F at 24 h. 
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At the time of killing, rats were decapitated and 
their brain immediately removed (42 + 6 s). Coronal 
sections 1.5 mm in width were made with a brain 
tissue slicer (D. Jacobowitz, National Institutes of 
Health, Bethesda, Md.). Tissue samples of gray mat- 
ter, 20-50 mg each, were cut on a frozen plate from 
areas just adjacent to the zone of maximal macro- 
scopic damage in the left hemisphere and the corre- 
sponding contralateral areas of the right hemisphere. 
In each case, specific gravity, water content, and 
eicosanoid levels were determined. 


Systemic Values 


An additional group of 10 rats was prepared for 
determination of blood pressure at several time 
points in the course of the experiment. Rats were 
anesthetized with ether, and a polyethylene catheter 
(PE-50; Clay Adams, N.J.) was inserted into the 
femoral artery. Mean arterial blood pressure was 
determined by electronic integration of systolic and 
diastolic pressures and recorded by a pressure trans- 
ducer on a polygraph recorder. Arterial blood pres- 
sure recordings were performed before and immedi- 
ately after head trauma and at 5, 10, 15, 30, and 
60 min and 8 and 18 h after injury. 

A second additional group of six rats was prepared 
for determination of arterial blood gas tensions and 
blood glucose and electrolyte levels before head 
trauma and 30 and 90 min after injury. Rats were 
anesthetized with ether, and a catheter was inserted 
into the femoral artery. Blood pH, arterial O, tension 
(Pao,), arterial CO, tension (Paco), HCO3;, glucose, 
sodium, potassium, chloride, and calcium levels were 
determined from 0.5-mL samples with a NOVA Stat 
Profile Five (Nova Biomedical, Waltham, Mass.). 


Neurologic Severity Score 


The neurologic status of the rats was evaluated at 1, 
2, 4, and 24 h (where appropriate) after skull expo- 
sure with or without cranial impact. This evaluation 
was done with a neurologic severity score (NSS) that 
was developed (2) to define the clinical condition of 
rats after head trauma. The criteria for scoring are 
summarized in Table 1. The score consists of a 
maximal score of 24 points at 1 h after trauma and a 
maximal score of 20 points at 2, 4, and 24 h after 
trauma. The examination was carried out under quiet 
conditions in a lighted room by an observer who was 
unaware of the experimental treatment. With the 
NSS used in this study, a maximal score represents 
the most severe disturbance of neurologic function, 
and a lower score represents less functional impair- 
ment (1). 
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Table 1. Neurologic Severity Score for Rats After 
Head Trauma 








Points 
At 2, 4, 
Atih and 
after 24 h 
head after 
trauma trauma 
Inability to exit from a circle {50 cm in 
diameter) when left in the center 
For 30 min 1 — 
For 60 min 1 = 
For >60 min 1 1 
Loss of righting reflex 
For 20 min 1 = 
For 40 min 1 an 
For >40 min 1 1 
Hemiplegia (inability of rat to resist forced 1 1 
changes in position) 
Flexion of hindlimb when raised by the 1 1 
tail 
Inability to walk straight when placed on 1 1 
the floor 
Reflexes 
Pinna reflex 1 1 
Corneal reflex 1 1 
Startle reflex 1 1 
Clinical grade 
Loss of seeking behavior 1 
Prostration 1 1 
Limb reflexes: loss of placing reflexes 
Forelimbs 
Left 1 1 
Right 1 1 
Hindlimbs 
Left 1 1 
Right 1 1 
Functional test 
Failure in beam-balancing task 
(1.5 cm wide) 
For 20 s 1 1 
For 40 s 
For >40 s 1 1 
Failure in beam-walking task 
8.5 cm wide 1 1 
5 cm wide 1 1 
2.5 cm wide 1 1 
Maximal points 24 20 


Specific Gravity Measurements 


The specific gravity of brain tissue was determined 
according to the method described previously by 
Marmarou et al. (11). In brief, the tissue segments 
were placed on top of linear gradient columns of 
kerosene and bromobenzene, which were calibrated 
with K,SO,. Specific gravity of the tissue was calcu- 
lated from the standard curve by measuring its equi- 
librium position in the column. 
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Water Content 


Each tissue sample was placed on a piece of alumi- 
num foil and weighed for tissue wet weight (WW). It 
was then dried in a dessicating oven at 105°C for 24 h 
and reweighed to obtain dry weight (DW). Tissue 
water concentration was calculated as (WW — 
DW)100/WW. 


Eicosanoid Extraction and Determination 


Immediately after decapitation and removal of the 
brain, tissue samples (approximately 20 mg each) 
were frozen on dry ice and stored at —80°C. Tissue 
samples from each animal were taken from both the 
injured (parietal) and frontal cortex from the con- 
tused hemisphere and from the corresponding sites 
on the contralateral hemisphere. The slices were 
sonically disrupted in 600 uL of buffer (Tris-HCl 
0.05 M, NaCl 0.1 M, and ethylenediaminetetraacetate 
[EDTA] 0.2 mM, 9:1, pH 7.0). Aliquots were taken 
from the homogenate for protein determination by 
the method of Lowry et al. (12), and the homogenate 
was then centrifuged at 4000 rpm for 15 min at 4°C. 
The supernatant fluid was decanted, and 100 uL were 
taken for each of the following radioimmunoassays: 
prostaglandin E, (PGE,), thromboxane B, (TXB,) (the 
stable metabolite of thromboxane A,), and 6-keto- 
prostaglandin F,, (6-keto-PGF,,) (the stable metabo- 
lite of prostacyclin). The assay was carried out as 
described previously by Shohami et al. (13) using 
°H-labeled prostaglandins (100-200 Ci/mM) (New En- 
gland Nuclear, North Bellerica, Mass.), specific anti- 
bodies (<0.1% cross-reactivity with other prostaglan- 
dins) (purchased from Professor L. Levine, Brandeis 
University, Waltham, Mass.), and standard pros- 
taglandins (Sigma, St. Louis, Mo.). 


Statistical Analysis 


The data are presented as mean values + sp. Brain 
tissue specific gravity, water content, and eicosanoid 
values were analyzed by analysis of variance, fol- 
lowed by posthoc testing with Student-Newman- 
Keul’s test. The NSS was analyzed with the Mann- 
Whitney test for nonparametric data. A P value of 
<0.05 was considered significant. 


Results 


Systemic Values 


Mean arterial blood pressure was 98 + 10 mm Hg 
before head trauma and increased immediately after 
injury. The maximal increase occurred at 10 min after 
injury (118 + 10 mm Hg), and thereafter pressure 
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Table 2. Arterial Blood Gas Tensions and Blood Glucose 
and Electrolyte Concentrations (mean values + sp) (n = 6) 


Before 30 min 60 min 

injury after injury after injury 
pH 7.37+0.05 7.31 +0.05 7.35 + 0.05 
Pao, (mm Hg) 412 + 33 420 + 33 394 + 37 
Paco, (mm Hg) 414244 393410 43.7+5.1 
Bicarbonate (mEq/L) 252E LG 2L72 20 222208 
Glucose (mg/dL) 188 + 21 219 + 22 211 + 37 
Sodium (mEq/L) 143 +2 131 + 4 132 +5 
Potassium (mEq/L) 5.2 0:7 5.5 + 1.0 6.1 + 0.6 
Chloride (mEq/L) 109 + 3 103 + 6 103 + 5 
Calcium (mEq/L) a2 0 1.9 0.1 20401 


gradually returned to values before injury. By 8 h 
after injury, mean arterial blood pressure was not 
significantly different from values before injury. Ar- 
terial blood gas tensions and glucose and electrolyte 
concentrations are presented in Table 2. Values at 30 
and 90 min after injury were not significantly differ- 
ent from values before injury. 


Neurologic Status 


The NSS of all rats where cranial impact was deliv- 
ered (groups C-F) is shown for 1, 2, 4, and 24 h after 
impact in Figure 1. Between-group comparisons in- 
dicated that at each time period, the NSS of rats 
where cranial impact was delivered and methylpred- 
nisolone was. administered (groups D and F) was not 
significantly different from the NSS of rats where 
cranial impact was delivered but no methylpredniso- 
lone was administered (groups C and E). Within- 
group comparisons indicated that NSS at 24 h after 
cranial impact was significantly decreased compared 
to NSS at 1 h after cranial impact, indicating partial 
neurologic recovery whether or not methylpredniso- 
lone was administered. 


Edema Formation 


The specific gravity and water content of cortical 
slices that were taken from the injured and from the 
corresponding contralateral hemisphere in both the 
treated and untreated rats are presented in Figures 2 
and 3. Between-group comparisons indicated that 
specific gravity and water content of the injured 
hemisphere from rats where cranial impact was de- 
livered and methylprednisolone was administered 
(groups D and F) were not significantly different from 
specific gravity and water content of the injured 
hemisphere from rats where cranial impact was de- 
livered and no methylprednisolone was administered 
(groups C and E). Similarly, specific gravity and 
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Figure 1. Neurologic severity scores (NSS, reading from left to 
right) at 1, 2, 4, and 24 h after cranial impact are shown. Left, data 
from rats not receiving methylprednisolone (methylpred); right, 
data from rats receiving methylprednisolone. Higher scores indi- 
cate more severe neurologic deficit. Results are mean values + sp. 
There was no statistically significant difference between the treated 
and untreated animals. In both groups there was a statistically 
significant improvement over time. *P < 0.01; 4P < 0.001. 


water content of the noninjured hemisphere from 
traumatized and treated rats (groups D and F) were 
not significantly different from specific gravity and 
water content of the noninjured hemisphere from 
either traumatized and untreated rats (groups C and 
E) or nontraumatized rats (groups A and B). 

Brain tissue specific gravity and water content in 
rats receiving methylprednisolone and no cranial 
impact (group B) were not significantly different from 
that in rats receiving no methylprednisolone and no 
cranial impact (group A). Within-group comparisons 
indicated that specific gravity was decreased and 
water content was increased (P < 0.01) in the injured 
hemisphere compared with specific gravity and water 
content both in the noninjured (right) hemisphere in 
groups C-F and in the rats receiving no cranial impact 
(groups A and B). 


Etcosanoid Extraction and Determination 


Baseline (group A) values from left parietal areas 
were PGE, of 251 + 40, TXB, of 342 + 63, and 
6-keto-PGF,,, of 155 + 28 pg/mg protein. Between- 
group comparisons indicated that PGE,, TXB,, and 
6-keto-PGF, a from the injured (left) parietal area from 
rats where cranial impact was delivered and methyl- 
prednisolone was administered (mean values for 
groups D and F: 767 + 168, 457 + 92, and 281 + 
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Figure 2. Columns represent specific gravity of the contused and 
uncontused hemispheres of rats with no cranial impact and no 
methylprednisolone (group A), methylprednisolone and no cranial 
impact (group B), cranial impact and no methylprednisolone 
(groups C and E, 4 and 24 h after injury, respectively), and 
methylprednisolone followed by cranial impact (groups D and F, 4 
and 24 h after injury, respectively). Results are mean values + sp. 
There was no statistically significant difference between the treated 
and untreated animals. Specific gravity of contused (left) hemi- 
spheres was decreased compared with that in rats with no cranial 
impact and the untraumatized (right) hemisphere. *P < 0.05; -P < 
0.01. 


67 pg/mg protein, respectively) were not significantly 
different from PGE,, TXB,, and 6-keto-PGF,, from 
the injured parietal area from rats where cranial 
impact was delivered and methylprednisolone was 
not administered (groups C and E). Similarly PGE,, 
TXB, and 6-keto-PGF,,, from the noninjured parietal 
areas and both frontal regions in groups D and F were 
not different from those in groups C and E. In 
addition, brain tissue eicosanoid levels in rats receiv- 
ing methylprednisolone and no cranial impact (group 
B) were not significantly different from those in rats 
receiving no methylprednisolone and no cranial im- 
pact (group A). Within-group comparisons indicated 
that brain tissue eicosanoid levels were increased in 
the injured (left) hemisphere compared with levels in 
the noninjured (right) hemisphere at 24 h after injury 
(groups E and F). 


Discussion 


The first principal finding of this study was that the 
NSS at 4 and 24 h after head injury was not improved 
by methylprednisolone. This finding is consistent 
with the negative results reported with other gluco- 
corticoids during head trauma (4,14-16), global isch- 
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Figure 3. Columns represent percentage of water content of the 
contused and uncontused hemispheres of rats with no cranial 
impact and no methylprednisolone (group A), methylprednisolone 
and no cranial impact (group B), cranial impact and no methyl- 
prednisolone (groups C and E, 4 and 24 h after injury, respective- 
ly), and methylprednisolone followed by cranial impact (groups D 
and F, 4 and 24 h after injury, respectively). Results are mean 
values + sp. There was no statistically significant difference 
between the treated and untreated animals. Brain water content of 
contused (left) hemispheres was increased compared with that in 
rats with no cranial impact and the untraumatized (right) hemi- 
sphere. *P < 0.05; ¿P < 0.01. 


emia (17), and spinal cord injury (18). In contrast, 
methylprednisolone was reported to improve neuro- 
logic outcome after spinal cord injury (5,8,19), isch- 
emia (20), and head trauma (6,7). However, as noted 
earlier, the positive results after head trauma in mice 
may relate to the short period of neurologic evalua- 
tion (6), whereas the positive results in a subset of 
patients may have occurred because baseline Glas- 
gow coma scores were higher in the high-dose meth- 
ylprednisolone group (7). 

The second principal finding of this study was that 
brain tissue water content and specific gravity in 
injured tissue at 4 and 24 h after cranial impact were 
not improved by methylprednisolone. This finding is 
consistent with studies of other glucocorticoids in 
head trauma (4,21). In contrast, Bremer et al. (20) 
reported that methylprednisolone improved brain 
edema 24 h after focal ischemia in primates. There are 
no previous reports of studies that evaluated brain 
edema after methylprednisolone treatment in head 
trauma. 

The third principal finding of this study was that 
methylprednisolone did not minimize formation of 
PGE,, TXB,, and 6-keto-PGF,, in injured brain. This 
finding is consistent with the negative results re- 
ported for several other glucocorticoids in head 
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trauma (4,21). In contrast, free dexamethasone was 
found to decrease prostaglandin levels after head 
trauma (4). Although free dexamethasone decreased 
prostaglandin levels, this effect was not associated 
with decreased edema formation or improved neuro- 
logic outcome. Although in the present study meth- 
ylprednisolane did not increase brain tissue specific 
gravity or decrease NSS, brain tissue water content, 
or formation of PGE,, TXB,, and 6-keto-PGF,, after 
injury, it is possible that another dose regimen may 
have yielded different results. 

The present study and most previous ones report 
no decrease of brain edema or eicosanoid levels with 
glucocorticoids. Thus, in the studies reporting im- 
proved neurologic outcome with glucocorticoids, it 
seems likely that effects other than those on brain 
edema or eicosanoid levels contribute to the favorable 
outcome. The most frequently given explanation for 
improved neurologic outcome with glucocorticoids is 
membrane stabilization manifested by maintenance 
of the capillary endothelial membranes (22) and pres- 
ervation of lysosomal integrity (23) and membrane- 
bound enzymes (24). Chan et al. (25) and Gamache 
and Ellis (26) reported that glucocorticoids act mainly 
to decrease the permeability of the blood-brain barrier 
and do not act on brain edema itself. Demopoulous et 
al. (27) reported that glucocorticoids stabilize mem- 
branes and do not inhibit prostaglandin synthesis. 
Hall (6) suggested that the steroids act on the integ- 
rity of the cell membranes, inhibit free radicals and 
oxygenation of lipids, and do not inhibit prostaglan- 
din synthesis. 

In studies reporting no improvement of neurologic 
outcome with glucocorticoids after head trauma, fail- 
ure of glucocorticoids to improve outcome may relate 
to previous reports that glucocorticoids exert adverse 
effects on compromised neural tissue. McEwen et al. 
(28,29) showed that glucocorticoid administration 
during stress may injure neurons in the hippocam- 
pus. It was speculated that glucocorticoids impair the 
energy metabolism of these neurons (30). Others 
reported that steroids may hasten the death of hip- 
pocampal neurons (31-33). Sapolsky et al. (34) dem- 
onstrated in tissue cultures that the addition of glu- 
cocorticoid decreased their viability after neurotoxin 
administration compared with controls. A concentra- 
tion of 10°? M corticosterone, which is in the range of 
normal physiologic levels, increased the damage. The 
addition of glucose to the cultures that contained 
both the toxin and glucocorticoid increased cell via- 
bility. Glucose added to cultures containing toxin 
only did not change the initial viability. Excision of 
the adrenal gland after hypoxia or ischemia decreased 
the damage observed in the hippocampus (35,36). 

In summary, methylprednisolone did not improve 
NSS, brain water content, or specific gravity or min- 
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imize brain tissue eicosanoid formation after nonpen- 
etrating cranial impact in rats. These findings are 
‘consistent with previous reports wherein glucocorti- 
coids failed to improve neurologic outcome, neural 
tissue edema, or neural tissue eicosanoid levels in 
other forms of neural tissue injury. Our results did 
not confirm our hypothesis that methylprednisolone 
would decrease brain edema and eicosanoid levels 
and improve neurologic outcome after head trauma. 
These findings do not support the use of methylpred- 
nisolone for treatment of head-injured patients. 
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Epidural administration of an opioid analgesic by 
means of a patient-controlled analgesia (PCA) system 
was compared with conventional intravenous PCA 
for pain relief after cesarean delivery. One hundred 
seventeen healthy women were randomly assigned 
to receive hydromorphone either intravenously (IV- 
PCA) or epidurally (EPI-PCA) after cesarean delivery 
with epidural bupivacaine for operative anesthesia. 
The hydromorphone requirements were 3.4 and 4.2 
times more in the IV-PCA group on the first (P < 
0.01) and second (P < 0.01) postoperative days, 
respectively. The mean number (+sp) of PCA de- 
mands during the first 24 h after the operation was 
105 (+88) for the IV-PCA group and 33 (+48) for the 
EPI-PCA group (P < 0.01). This difference was also 
significant 24-48 h after surgery. Although the EPI- 

group utilized significantly less opioid medica- 
tion, pain and sedation scores were similar in the two 
treatment groups; however, a significantly larger 


effective technique for providing postoperative 

pain relief (1-3). Intravenous PCA (IV-PCA) 
has become a useful alternative to both intramuscu- 
larly and epidurally administered opioids after cesar- 
ean delivery (4-6). Early studies suggested that epi- 
dural opioid administration provided more effective 
analgesia with less medication compared with IV- 
PCA; however, conventional epidural opioid therapy 
is associated with the need for redosing and a high 
incidence of side effects (e.g., nausea, vomiting, 
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percentage of patients in the IV-PCA group (46% vs 
22%) stated that they felt drowsy during the first 
S eats day. Pruritus was reported more fre- 
quently in the EPI-PCA (67%) than in the IV-PCA 
(33%) group. Nausea was experienced by only 10% of 
patients in the IV-PCA and 6% in the EPI-PCA group. 
There was no evidence of postoperative respiratory 
depression, with minimal oxygen saturation values of 
93% (+3%) and 94% (+1%) in the IV-PCA and 
EPI-PCA groups, respectively. The times to return of 
bowel sounds, resumption of solid diet, discontinu- 
ation of PCA therapy, and hospital discharge were 
significantly shorter in the EPI-PCA group (P < 0.05). 
In conclusion, EPI-PCA with hydromorphone ap- 
pears to be a safe and effective alternative to conven- 
tional [V-PCA after cesarean delivery and offers the 
advantages of less opioid medication and a more 
rapid recoverv. 

(Anesth Analg 1992;75:245-51) 


pruritus, urinary retention) (4-15). Although the use 
of continuous epidural opioid infusions may obviate 
the need for redosing, it may obligate the patient to 
receive more opioid than is required (16) and increase 
the risk of respiratory depression (17). Epidural PCA 
(EPI-PCA) is a technique that combines the flexibility 
and convenience of PCA with the intrinsic analgesic 
efficacy of epidurally administered opioids (16-22). 

Recent reports (23-25) suggest that the use of 
epidural opioids with a PCA delivery system may 
result in more rapid recovery and shorter hospital 
stay than conventional postoperative pain manage- 
ment techniques. The rapid-acting, lipid-soluble opi- 
oids (e.g., fentanyl, sufentanil, and alfentanil) have 
been used with EPI-PCA (17,19-22); however, the 
clinical advantages of administering these highly 
lipid-soluble opioids epidurally have been questioned 
because of the lack of a dose-sparing effect when 
compared with the intravenous route of administra- 
tion (13,26-29). 
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We designed a prospective, randomized, con- 
trolled study to evaluate the safety and efficacy of 
epidural versus intravenous hydromorphone when 
administered with a PCA delivery system. The opioid 
analgesic requirements, quality of pain relief, patient 
satisfaction, side-effect profile, and recovery times 
were evaluated by using these two different PCA 
modalities after a standardized operation. 


Methods 


After written, informed consent was obtained, 117 
adult women, ASA physical status I and H, scheduled 
to undergo elective cesarean delivery were randomly 
assigned to one of two PCA treatment groups. The 
study protocol was approved by the Washington 
University Human Studies Committee. The theoreti- 
cal basis for PCA therapy and the operational aspects 
of the PCA device were explained to the patient at the 
time of the preoperative visit and were reviewed with 
each patient before initiating PCA therapy in the 
postanesthesia care unit. Patients with evidence of 
bacteremia or coagulopathy, as well as those who 
were reluctant to have an epidural catheter remain in 
place after their operation, were excluded. 

All patients were given 15-25 mL of 0.5% bupiv- 
acaine via a percutaneous lumbar epidural catheter 
for surgical anesthesia. In five patients, fentanyl 
(50 wg IV) was required to supplement epidural 
analgesia immediately after delivery. On arrival in 
the postanesthesia care unit, a Bard Ambulatory PCA 
device was connected either to the patient’s intrave- 
nous catheter (IV-PCA) or to her epidural catheter 
(EPI-PCA), according to random assignment. In the 
IV-PCA group, the device was programmed to de- 
liver 1-mL (0.15 mg) hydromorphone bolus doses “on 
demand,” with a minimal lockout interval of 10 min. 
In the EPI-PCA group, a loading dose of 6 mL 
(0.9 mg) of preservative-free hydromorphone (Dilau- 
did) was administered, and the device was pro- 
grammed to deliver 1-mL (0.15 mg) supplemental 
hydromorphone bolus doses on demand, with a 
minimal lockout interval of 30 min. In addition to the 
number of delivered bolus doses, the number of 
demands (button presses) for supplemental medica- 
tion was recorded during the 48-h study period. After 
17 patients had been entered into the EPI-PCA group, 
the concentration of hydromorphone was decreased 
to 0.075 mg/mL, and the initial hydromorphone load- 
ing dose was decreased to 0.225 mg (3 mL) to mini- 
mize side effects associated with this technique (30). 
The supplemental hydromorphone bolus dose re- 
mained 0.15 mg (2 mL), and the lockout interval was 
unchanged. For purposes of statistical analysis, the 
EPI-PCA group was subdivided into phase I (hydro- 
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morphone loading dose of 0.9 mg) and phase II 
(hydromorphone loading dose of 0.225 mg). 

Evaluation of postoperative respiratory status in- 
cluded respiratory rate (every 2 h by the ward nurses) 
and measurement of hemoglobin oxygen saturation 
(Spo,) while patients were at bed rest with a Nellcor 
Oxinet pulse oximetry telemetry system. An alarm 
would sound at the nursing station when the Spo, 
decreased to <85%. Other postoperative assessments 
included hydromorphone utilization, PCA demands 
and boluses delivered, recovery times from comple- 
tion of the operation to unassisted ambulation, return 
of bowel sounds (on auscultation), resumption of 
solid diet, and hospital discharge. 

Patients assessed their pain and sedation levels at 
8-h intervals using 100-mm linear visual analogue 
scales (from 0 = none to 100 = maximal) (31). All 
patients were evaluated by the primary care nurse at 
2-h intervals, and opioid-related side effects (e.g., 
nausea, vomiting, dizziness, pruritus) were noted. 
Side effects were treated according to a standardized 
protocol if symptoms were present on successive 
nursing visits or if the patient complained of persist- 
ent symptoms. The PCA therapy was discontinued 


- when patients tolerated a clear liquid diet. Postoper- 


ative PCA assessment questionnaires were com- 
pleted by the patient as well as by her surgeon and 
primary care nurse after completion of the PCA 
therapy. 

Opioid usage, pain and sedation scores, and re- 
covery times were analyzed with one-way analysis of 
variance and a Bartlett’s post hoc test to determine 
differences among the three groups (IV, EPI—phase 


I, EPI—phase I); x testing was used to analyze 


discrete variables. The Wilcoxon rank-sum (nonpara- 
metric) test was used to compare median values for 
visual analogue scores and number of bolus doses 
and demands in the three PCA treatment groups. 
Changes in opioid usage over time within each treat- 
ment group were evaluated with repeated measures 
of analysis of variance and Student's t-test with 
Bonferroni’s correction. A P value <0.05 was consid- 
ered statistically significant. Data are reported as 
medians (and interquartile ranges) or mean values + 
sp (in tables) and +seEm (in figures). 


Results 


One hundred seventeen women were enrolled in the 
study from November 1988 to December 1990. The 
three PCA treatment groups were comparable with 
respect to clinical variables (Table 1). The duration of 
surgery and total intraoperative epidural local anes- 
thetic dosages were also similar in the three groups. 
One patient in each PCA group required the addition 
of supplemental (parenteral) medication to optimize 
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Table 1. Clinical Characteristics of Patients in the 
Intravenous and Epidural Patient-Controlled Analgesia 
Treatment Groups 


IV-PCA EPI-PCA groups 

group Phase | Phase II 

(n = 49) (n = 17) (n = 41) 
Age (yr) 28 +5 27 + 6 28 + 6 
Height (cm) 163 + 5 161 + 7 162 + 4 
Weight (kg) 83 + 24 83 + 21 77 + 12 
Bupivacaine (mg) 138 + 56 124 + 67 110 + 13 
Operation (min) 71 + 23 77 £35 64 + 20 


IV, intravenous; EPI, epidural; PCA, patient-controlled analgesia. 
Results are mean values + sp. 


postoperative analgesic therapy. The epidural cathe- 
ter became dislodged, and PCA therapy was changed 
to IV-PCA in two patients in the phase I EPI-PCA 
group and in three patients in the phase I] EPI-PCA 
group. In addition, three patients in the IV-PCA 
group and two patients in the phase IJ EPI-PCA 
group requested that PCA therapy be discontinued 
because of persistent opioid-related side effects. Data 
from these patients were included until the time of 
the protocol violation. 

A comparison of the total hydromorphone utiliza- 
tion during the first 24 h after surgery revealed little 
difference between the phase I EPI-PCA group (1.8 + 
0.9 mg) and the phase If EPI-PCA group (2.1 + 
1.1 mg); however, the IV-PCA group required a 
significantly larger dose of hydromorphone (7.6 + 
2.7 mg) in the first 24 h than either of the EPI-PCA 
groups (P < 0.01). An analysis of PCA usage in each 
4-h period in the first 24 h demonstrated consistently 
more opioid usage in the [V-PCA group than in the 
EPI-PCA groups after the initial 4-h period (Figure 1). 
Excluding the loading dose, patients in both EPI-PCA 
groups used similar doses in each 4-h period (Figure 
1). For those patients requiring PCA therapy for 48 h, 
opioid usage remained significantly higher in the 
IV-PCA than the EPI-PCA groups during the second 
24-h period. Of the patients enrolled in this study, 21 
of 49 (43%) in the IV-PCA group required PCA 
therapy for at least 48 h after surgery, whereas 5 of 17 
(30%) in the phase I EPJ-PCA group and only 6 of 41 
(14%) in the phase I EPI-PCA group required PCA 
therapy for the entire 48-h study period. 

The number of PCA demands (button presses) in 
the first 24 h was significantly greater for the IV-PCA 
group (105 + 88) than for either the phase I EPI-PCA 
group (14 + 12) or the phase IT EPI-PCA group (33 + 
48). The IV-PCA group demanded significantly more 
doses in the first 4h period (13 + 11) than the phase 
I EPI-PCA group (3 + 4) but did not differ from the 
phase II EPI-PCA group (11 + 29). Patients in the 
IV-PCA group demanded significantly more bolus 
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doses in each of the remaining 4-h periods of the 48-h 
study period than patients in the two EPI-PCA 
groups (Figure 2A). The mean number of PCA de- 
mands during the second 24-h period was similar in 
the two EPI-PCA groups. As expected, the number of 
PCA demands exceeded the number of delivered 
doses in both the IV-PCA and EPI-PCA treatment 
groups (Figure 2); however, the ratio of delivered 
doses to demands in each of the 4h intervals during 
the 48-h study period was significantly higher in the 
EPI-PCA groups (0.74-0.92 and 0.68-0.93 in phases I 
and I, respectively) compared with the IV-PCA 
group (0.57-0.76). The number of delivered bolus 
doses was also significantly higher (P < 0.05) in the 
IV-PCA group than in either of the EPI-PCA groups 
throughout the 48-h study period (Figure 2B). 

Pain and sedation scores were similar throughout 
the study period in the IV-PCA and EPI-PCA groups 
(Figure 3). On the follow-up questionnaire, 18% of 
the IV-PCA-treated patients indicated that they had 
experienced moderate-to-severe pain after their oper- 
ation versus only 5% of the EPI-PCA-treated patients. 
The nurses also reported similar findings on their 
follow-up questionnaires. Nevertheless, 92% of the 
IV-PCA group and 96% of the EPI-PCA groups felt 
that their pain had been adequately treated after 
surgery. Despite similar sedation analogue scores, a 
significantly greater percent of patients in the IV-PCA 
group (46%) felt drowsy during the first postopera- 
tive day compared with those in the EPI-PCA groups 
(22%). 

On the follow-up patient questionnaire, very few 
patients felt that the pain medication caused nausea 
(10%, 12%, and 6% in the IV-PCA and phase I and 
phase Il EPI-PCA groups, respectively). The symp- 
toms of nausea during PCA therapy were reported by 
nurses in 5%, 29%, and 9% of patients in the IV-PCA 
and phase I and phase I EPI-PCA groups, respec- 
tively (Table 2). Pruritus was more common in the 
EPI-PCA groups (71% in phase I and 67% in phase I) 
than in the IV-PCA group (3%). Symptoms of pru- 
ritus were elicited by the ward nurses during PCA 
therapy in 33%, 61%, and 67% of patients in the 
IV-PCA and phase I and phase II EPI-PCA groups, 
respectively (Table 2). Pruritus requiring treatment 
was seen in 13% of the IV-PCA group and 51% of the 
phase I and 24% of the phase II EPI-PCA groups 
(Table 2). Urinary hesitancy (or the need to recathe- 
terize the bladder) after initial bladder catheter re- 
moval was uncommon (Table 2). There were no 
complaints of dizziness during the study period. 

The lowest Spo, (lasting > 2 min) during the 48-h 
study period was determined by using a printout 
from the Nellcor Oxinet telemetry system. The IV- 
PCA group had a mean (+sp) lowest Spo, of 93% 
(+3) versus 94% (+1) in the EPI-PCA groups. No 
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Table 2. Percent of Patients With Opioid-Related Side 
Effects in the Intravenous and Epidural Patient-Controlled 
Analgesia Treatment Groups as Reported by the 

Ward Nurses 


IV-PCA EPI-PCA groups 
group Phase I Phase II 
(n = 48) (n = 14) (n = 37) 
Nausea 5 (2) 29 (177 9 (0) 
Vomiting 2 (2) 17 (11) 5 (5) 
Pruritus 33 (13) 61 (51)* 67 (247 
Excessive sedation 10 (0) 17 (0) 0 (0) 
Urinary hesitancy 22): . 6 (0) 5 (0) 


IV, intravenous; EPI, epidural; PCA, patlent-controlled analgesia. 

Number in parentheses indicates the percent of patients in each group 
requiring therapy for side effects. 

“Significantly different from IV-PCA group; P < 0.05. 


Table 3. Recovery Times for Patients in the Intravenous 
and Epidural Patient-Controlled Analgesia 
Treatment Groups 


IV-PCA EPI-PCA groups 

group Phase I Phase I 

(n = 45) (n = 14) (n = 35) 
Ambulation (h) 20 + 7 26 + 6 16 +5 
Bowel sounds (h) 26 + 15 24 + 11 18 + 9 
Solid diet (h) 59 + 17 61 + 22 49 + 13* 
Discontinue PCA (h) 40 + 17 37 + 13 31 + 11° 
Hospital discharge (h) 99 + 21 98 + 16 89 + 16° 


IV, intravenous; EPI, epidural; PCA, patlent-controlled analgesia. 
Results are mean values + sp. 


“Significantly different from IV-PCA group; P < 0.05. 


patient in either EPI-PCA group had an Spo, value of 
<92%; however, four patients in the IV-PCA group 
had Spo, values ranging from 87% to 91%. Each of 
these patients was noted to have increased sedation 
scores at the time of their lowest Spo, value. In 
addition, these patients self-administered 1.5-2 times 
more hydromorphone than the average dose for 
patients in the IV-PCA group during the 4h interval 
before their lowest Spo, value. All the episodes of 
low Spo, values (<90%) were self-limited and re- 
quired no changes in PCA therapy. 

The times to return of bowel sounds, resumption 
of solid diet, discontinuation of PCA, and hospital 
discharge were significantly longer in the IV-PCA 
group compared with the phase II EPI-PCA group 
(Table 3). On the surgeons’ follow-up questionnaire, 
44% of the patients were judged to be “ready for 

i ” earlier than the surgeon had expected in the 
phase I EPI-PCA group (vs only 13% in the IV-PCA 
group [P = 0.03]). Oral analgesics were required sooner 
after the last dose of PCA-administered hydromor- 
phone in the IV-PCA group (4 + 8 h) compared with 
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the phase I (14 + 12 h) and phase II (7 + 7 h) EPI-PCA 
groups. 


Discussion 


Patient-controlled analgesia can be utilized by a vari- 
ety of routes of administration for the management of 
postoperative pain (32). Previous investigations of 
epidural PCA have been limited because of problems 
with study design (e.g., retrospective studies [23,24], 
historical controls [22], small patient populations 
with multiple surgical procedures [16], and by con- 
comitant use of continuous opioid infusions with or 
without local anesthetics [17,19,21,26-28]). We eval- 
uated the administration of epidural versus intrave- 
nous hydromorphone with a PCA device in a pro- 
spective, randomized, controlled manner in a large 
patient population undergoing the same surgical pro- 
cedure. Thus, this controlled study compared two 
alternative routes of PCA administration. 

Compared with epidural morphine, previous stud- 
ies have suggested that epidural hydromorphone 
(a) is approximately 10 times more potent (33), (b) has 
a faster onset (13 + 4 min vs 24 + 6 min) (33), (c) has 
a shorter duration of analgesia (7 + 1 h [34] or 11 + 
5h vs 18 + 7 h [33]), (d) provides comparable pain 
relief (12,14,16,33-36), (e) is safe even in a 10-fold 
overdose (36), and (f) may have fewer side effects 
(34). As the lipid solubility of hydromorphone is 
intermediate between morphine (low) and fentanyl 
(high), it should have a lower potential for rostral 
spread and resultant delayed respiratory depression 
than morphine and less potential for vascular (sys- 
temic) uptake than fentanyl. 

Our data suggest that excellent pain relief and high 
patient satisfaction can be obtained with less opioid 
medication when patients self-administer hydromor- 
phone by an epidural catheter (rather than the intra- 
venous route). Despite reporting more pruritus, only 
24% of the phase II EPI-PCA group required specific 
therapy (vs 13% of the IV-PCA group). The percent of 
patients in the two hydromorphone EPI-PCA groups 
requiring therapy for pruritus was lower than the 
percent (40%—45%) in epidural morphine studies in- 
volving the same patient population (4,5,13). More 
important, we found no evidence of clinically signif- 
icant ventilatory depression in the EPI-PCA groups. 
In fact, the only patients with Spo, values <92% were 
receiving IV-PCA. 

After the first 17 patients in the phase I EPI-PCA 
group had been entered into the study, we changed 
the epidural dosage because of the high incidence of 
side effects (Table 2). Twelve of the 17 patients (71%) 
reported pruritus and 5 reported nausea (29%) within 
the first 4 h after the initial hydromorphone loading 
dose. Because we considered the loading bolus dose 
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(0.9 mg) to be larger than necessary, we decreased 
the initial dose to 0.225 mg for the remaining phase IL 
EPI-PCA patients. A comparison of opioid use in the 
first 24 h in the two EPI-PCA groups revealed similar 
total hydromorphone doses even though different 
loading doses were administered. With the availabil- 
ity of the PCA device, most patients were able to 
titrate the drug to the desired analgesic end point. By 
decreasing the loading dose, we were able to reduce 
the incidence of side effects associated with epidural 
hydromorphone without compromising its analgesic 
effectiveness. 

Patients receiving the smaller loading dose of hy- 
dromorphone with EPI-PCA had a more rapid recov- 
ery of bowel sounds, earlier resumption of a normal 
diet, a shorter duration of PCA usage, and a de- 
creased length of hospital stay compared with pa- 
tients treated with conventional IV-PCA. This im- 
proved outcome was noted even though pain and 
sedation scores, as well as side-effect profiles, were 
similar in the [V-PCA and EPI-PCA groups. The most 
likely reason for the faster recovery variables relates 
to decreased opioid dosage associated with epidural. 
(vs intravenous) administration. 

Recently, Hongnat et al. (20) found comparable 
analgesia when alfentanil was administered by either 
EPI-PCA or IV-PCA in a small series of patients after 
gastrointestinal, urologic, vascular, or orthopedic 
surgery. Despite the dose-sparing effect, 10 of 13 
EPI-PCA-treated patients had oxygen desaturation 
(Spo, < 85%) compared with only 4 of 13 IV-PCA- 
treated patients. Glass and colleagues (29) reported 
that their prospective, double-blind, crossover study 
of EPI-PCA versus IV-PCA with fentanyl showed no 
differences in analgesia, plasma fentanyl concentra- 
tions, or cumulative fentanyl dosages. These authors 
concluded that the analgesic effects of epidural fen- 
tanyl appeared to be mediated primarily by systemic 
absorption. The present study would suggest that 
when hydromorphone is administered epidurally, it 
has more limited systemic absorption than fentanyl 
(29) and its newer analogues (13,20). 

One potential problem with the use of EPI-PCA 
techniques relates to catheter migration or dislodg- 
ment, or both (37-40). Although there was no evi- 
dence of migration of the epidural catheter intravas- 
cularly or into the subdural (or subarachnoid) space, 
the catheter became spontaneously dislodged in 5 of 
the first 33 patients after ambulation. This problem 
was avoided in the remaining patients by securing 
the catheter with Benzoin spray, Steri-Strips, and a 
4 x 10-in. Tegaderm dressing. 

Limitations in our. study design include (a) the lack 
of a double-blind protocol design, with the potential 
for biased evaluations on the part of the nurses and 
patients; (b) differing lockout intervals in the IV-PCA 
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and EPI-PCA groups; and (c) the inability to.extrap- 
olate these results to other postsurgical patient pop- 
ulations, Even though investigator (and patient) bias 
could not be totally eliminated, the use of objective 
data and clinically relevant end points would mini- 
mize its impact on our results. Despite different 
lockout intervals, this was not the “rate-limiting” 
step in determining the number of successfully ad- 
ministered bolus doses in any of the PCA treatment 
groups. Future studies need to be performed in other 
surgical populations (i.e., after upper abdominal, 
thoracic, or joint replacement procedures). 

In conclusion, EPI-PCA with hydromorphone is a 
safe and effective alternative to IV-PCA for providing 
pain relief after cesarean delivery. It remains to be 
determined whether the apparent safety and conve- 
nience of intermittent dosing with a PCA device 
connected to an epidural catheter offers any clinically 
significant advantages over physician-administered 
epidural injections in the management of acute post- 
operative pain. 
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The authors evaluated whether alfentanil could be 
given before treatment procedures in critically iH 
mechanically ventilated neonates without adverse 
effects. Alfentanil (mean dose 11.7 ug/kg, range 9-15) 
was given intravenously to 20 mechanically venti- 
lated critically ill newborn infants (mean birth weight 
2510 g, range 1490-3990) during the first 3 days of life 
before treatment procedures. Heart rate, arterial 
blood pressure, transcutaneous partial pressure of 
O,, respiratory rate, and general activity were ob- 
served continuously from 10 min before the admin- 
istration of alfentanil until 1 h after it. Plasma alfen- 
tanil concentrations were measured in 15 subjects. 
The pharmacokinetics of alfentanil varied greatly 
among the subjects. The hemodynamic changes were 


not clinically significant, and the most important side 
effect was muscle rigidity. Nine infants had mild or 
moderate rigidity, which had little or no effect on 
ventilation. Four infants had severe rigidity and jerk- 
ing comparable to convulsive activity, transiently 
impairing ventilation and oxygenation for approxi- 
mately 5-10 min. Increased inspired oxygen and 
increased pressure by manual ventilation were 
needed to prevent hypoxemia. Electroencephalo- 
graphic recordings for three infants during alfentanil 
administration showed no evidence of increased sei- 
zure activity. We conclude that alfentanil should not 
be used for newborn infants without simultaneous 
muscle relaxation because of the danger of rigidity. 
(Anesth Analg 1992;75:252-7) 





need for analgesia in newborn infants (1-5), even 

though the methods available for measuring pain 
in infants are limited. Some authors have, neverthe- 
less, suggested that even preterm newborn infants 
have all the anatomic and physiologic components 
required for the perception of pain (6). Newborn 
infants with respiratory difficulties frequently become 
predisposed to hypoxemia and hazardous hemody- 
namic changes, such as a decrease in heart rate and 
an increase in arterial blood pressure and intracranial 
pressure, during even the most common treatment 
procedures, such as tracheal suction or the drawing 
of blood samples (7-10). Fluctuations in arterial blood 
pressure and hypoxemia in the preterm infant are 
associated with periventricular hemorrhagia and leu- 
komalacia. 

Opiates, such as morphine, meperidine, fentanyl, 
and alfentanil (11-14), have been used for the seda- 
tion of mechanically ventilated neonates. Marlow et 
al. (15) used alfentanil (20 wg/kg) and muscle relax- 
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ants for preterm infants during the first 4 days after 
birth and noticed a significant decrease in heart rate, 
arterial blood pressure, and oxygenation. Yet, Killian 
et al. (16) found that the administration of alfentanil 
(25 ug/kg) to newborn infants produced no signifi- 
cant changes in arterial blood pressure or heart rate. 
There are a number of reports of drug-induced rigid- 
ity and even seizures in adults during the induction 
of anesthesia with the rapidly acting opiates fentanyl, 
alfentanil, and sufentanil (17-19), but this has not 
been reported in neonates. 

The purpose of this investigation was to evaluate 
whether alfentanil, given before treatment proce- 
dures, could be used in critically ill mechanically 
ventilated neonates to prevent hypoxemia and haz- 
ardous hemodynamic effects. 


Methods 


Institutional approval and informed consent from the 
parents was obtained to study 20 newborn infants. 
The entry criteria were that the trachea of the infants 
should be intubated and the lungs mechanically 
ventilated because of respiratory difficulties. Further- 
more, they should be in a hemodynamically stable 
state with acceptable oxygenation and need analgesia 
or sedation for necessary treatment procedures. The 
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Table 1. Clinical Characteristics of the 20 Mechanically Ventilated Neonates Given Alfentanil Intravenously 


Alfentanil dose 


Pt No. Wt (g) Age (h) (ug/kg) 
1 1760 18 11 
2 2650 25 15 
3 1690 38 12 
4 2330 22 15 
5 2630 41 12 
6 1710 16 15 
7 3950 11 10 
8 3240 51 10 
9 2930 24 10 

10 2130 6 10 

11 1460 7 15 

12 2400 8 11 

13 3170 28 10 

14 2160 20 9 

15 2540 24 10 

16 1830 26 15 

17 2670 18 10 

18 2300 10 15 

19 3190 38 10 

20 3320 19 11 


Rigidity” Treatment procedure Diagnosis 

= Tracheal suction RDS 

oe Blood sample RDS 

++ Tracheal suction RDS 

++ Tracheal suction RDS 

+ Chest x-ray, daily RDS 
routine care 

++ Chest x-ray, daily RDS 
routine care 

++ Tracheal suction PFC 

= IV cannulation RDS 

i Tracheal suction Asphyxia 

+ Tracheal suction RDS 

= Tracheal suction RDS 

+++ Tracheal suction RDS 

= Tracheal suction Asphyxia 

++ Blood sample RDS 

++ Tracheal suction RDS 

RER Radial artery RDS 
cannulation 

tA EEG, daily routine care RDS 

a Radial artery RDS 
cannulation 

+ EEG, daily routine care Meconium 

aspiration 
= EEG, daily routine care Asphyxia 


aeaaaee a aa A init mp tl tener ene 


Pt, patient; RDS, respiratory distress syndrome; PFC, persistent fetal circulation; EEG, electroencephalography; IV, intravenous. 
“~, No rigidity; +, mild rigidity; ++, moderate rigidity; +++, severe rigidity. 


mean gestational age was 36 wk (range 30-40), mean 
birth weight 2510 g (range 1490-3990), and mean age 
at the time of the investigation 22.5 h (range 6-51). 
The clinical diagnosis was respiratory distress syn- 
drome in 15 subjects, meconium aspiration syndrome 
in 1, persistent fetal circulation in 1, and asphyxia in 
3 (Table 1). 

A bolus dose of alfentanil (9-15 ug/kg IV) was 
administered over a period of 1 min before the 
treatment procedures, which entailed tracheal suc- 
tion in 10 subjects, venous or arterial cannulation in 
5, chest radiograph and daily routine care proce- 
dures, such as washing and weighing, in 2 and 
routine care procedures in 3. No other drugs were 
used. 

Heart rate, respiratory rate, transcutaneous partial 
pressure of O, (TcPo,.), arterial blood pressure, and 
general activity were monitored continuously from 
10 min before to 1 h after administration of alfentanil 
and were recorded before and at 2, 3, 5, 10, 30, and 
60 min after administration. All observations were 
performed by the same investigator. Because rigidity 
and even convulsive activity were observed in some 
patients immediately after alfentanil administration, 
electroencephalographic (EEG) recordings were 
made in three infants 30 min before, during, and 


30 min after the injection of alfentanil. One patient 
was given both alfentanil (10 wg/kg) and saline solu- 
tion (placebo) in a blinded manner. Rigidity was 
graded in terms of passive resistance to movement of 
the limbs relative to the pretreatment level of resis- 
tance based on subjective impression according to the 
following four categories: no rigidity, muscle tonus 
unchanged or decreased; mild rigidity, slightly in- 
creased muscle resistance relative to pretreatment 
level; moderate rigidity, moderately increased muscle 
resistance relative to pretreatment level, with partly 
limited passive movements; and severe rigidity, 
greatly increased muscle resistance with totally re- 
stricted limb movements and involved convulsive 
activity such as jerking. 

Arterial blood (1.5 mL) was sampled for the deter- 
mination of alfentanil 0 (control), 2, 5, 10, 20, 60, 120, 
240, and 360 min after injection in 15 cases. A 
maximum of five samples were drawn from any one 
patient. The samples were centrifuged and stored 
deep frozen until analyzed. Plasma concentrations of 
alfentanil were analyzed by capillary gas chromatog- 
raphy (20); the detection limit of the assay was 
2 ng/mL. Arterial blood gas analysis was performed 
before and 1 h after alfentanil administration. 

The terminal log-linear phase of the plasma con- 
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centration-time curve for each subject was identified 
visually. The elimination rate constant (ką) was de- 
termined by regression analysis of the log-linear part 
of the curve. The elimination half-life (Tz) was 
calculated from Tip = In Zka. The areas under the 
alfentanil concentration-time curves (AUC,..) were 
calculated using the linear trapezoidal rule when 
successive concentration values increased and the 
logarithmic trapezoidal rule when successive concen- 
tration values decreased after the peak concentration 
value. The area under the alfentanil concentration- 
time curve was extrapolated to infinity with the 
respective elimination rate constant value. Plasma 
clearance and steady-state volume of distribution of 
alfentanil were calculated using noncompartmental 
methods based on the statistical moment theory (21). 

The hemodynamic effects of the alfentanil injection 
and acid-base status were analyzed using repeated 
measures analysis of variance over time, the nonpa- 
rametric Wilcoxon rank-sum test, and the paired 
t-test with the SAS (Statistical Analyses System, Inc., 
Cary, N.C.). The pharmacokinetic parameters were 
compared with the Mann-Whitney U test. A P value 
<0.05 was considered statistically significant. thg 
results are presented as means + sp. 
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Figure 1. Physiologic to 9-15 pg/kg of 
alfentanil in patients without (solid lines, n = 16) and 
with (dashed lines, n = 4) severe rigidity. Results 
expressed as means + sp. TcPo, transcutaneous 


partial pressure of O}. 


60min 


6Omin 


Results 


There were no problems after alfentanil injection in 7 
of 20 patients, slightly increased muscle tonus in 3 of 
20, and a moderate increase in muscle resistance in 6 
of 20 for whom ventilation was slightly aggravated 
but manual ventilation was not needed. The muscle 
resistance of 4 of 20 patients increased markedly; the 
range of passive movements was substantially lim- 
ited; and myoclonic jerking suggestive of seizure 
activity was observed. When TcPo, decreased, man- 
ual ventilation was begun with an increased inspired 
O, concentration and increased pressure. The respi- 
ratory settings were not changed. Rigidity appeared 
immediately after alfentanil injection and before the 
beginning of the treatment procedure and disap- 
peared within a few minutes. It had passed com- 
pletely within 10 min (Figure 1). There was no corre- 
lation among the appearance of rigidity and 
gestational age, birth weight, and alfentanil dose or 
its maximal concentration (Table 1). Three of the 
patients who were given alfentanil twice showed 
similar rigidity on both occasions. An EEG was re- 
corded in three patients, of whom two showed rigid- 
ity, including one who also had jerking and smacking 
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Figure 2. Alfentanil concentration after a single dose (9-15 ug/kg IV) in patients without rigidity and with rigidity. 


immediately after the administration of alfentanil but 
not after a saline solution (placebo). No seizure 
activity was observed in the EEG during drug admin- 
istration, but a progressive slowing in frequency 
(delta waves) and an increase in amplitude were 
seen. This periodic activity typical.of opioid-induced 
sleep was observed in all three patients. 

No major hemodynamic changes were seen. Mean 
arterial pressure and heart rate did not substantially 
change, and the only statistically significant differ- 
ente was found in mean heart rate between the 
recordings made before and 60 min after medication 
(139 + 14 vs 133 + 11 beats/min; P = 0.012). Acid-base 
status did not differ between the arterial blood sam- 
ples taken before alfentanil administration and 1 h 
afterward (P = 0.100) despite a transient decrease in 
TePo, in the patients with severe muscle rigidity 
(Figure 1). There was a statistically significant differ- 
ence in the amount of inspired O, 5 min after the 
alfentanil injection in patients with severe rigidity 
(P = 0.008) compared with those not showing severe 
rigidity. The changes in the other variables were 
statistically insignificant (Figure 1). 

Plasma alfentanil concentration profiles were de- 
termined for 15 patients; those for patients with and 
without muscle rigidity are depicted separately in 
Figure 2 and the respective pharmacokinetic param- 
eters in Table 2. The highest alfentanil concentration 
was observed in a patient with muscle rigidity, but 
the pharmacokinetic parameters did not differ be- 
tween the groups. 


Table 2. Pharmacokinetic Variables of Alfentanil 
(9-15 mg/kg) After Intravenous Administration in 
Newborn Infants 


No rigidity Rigidity 
(n = 5) (n = 10) 
Ty, (min) 43 (34-237) 153 (31-650) 
CL (mL-kg~*-min7’) 2.1 (1.7-7.2) 2.9 (0.9--25.3) 
Va (L/kg) 0.27 (0.08-0.62) 0.66 (0.15-2.94) 
Ty elimination half-life; CL, plasma clearance; V w volume of distribu- 
tion at steady state. 


Variables are given as median (range). 


Discussion 

Opiates can cause unexpected side effects in newborn 
infants because of immature hepatic and renal func- 
tion and variable permeability of the blood-brain 
barrier. Data on the effects of various opiates on 
infants are still incomplete. 

The pharmacokinetics of alfentanil have shown 
great individual variability in newborn infants 
(14,16,22). Our values for the pharmacokinetic varia- 
bles differed slightly from those reported previously 
(14,16,22), partly because the small number of blood 
samples may have meant that the elimination phase 
was not described appropriately. This probably 
caused the values for elimination half-life to be lower 
and those for plasma clearance higher than the “true” 
ones. 

No hemodynamic side effects such as decreases in 
arterial blood pressure or heart rate were seen in the 
infants. We used small doses (9-15 ug/kg) compared 
with Davis et al. (22) and Killian et al. (16), who gave 


956 PEDIATRIC ANESTHESIA POKELA ET AL. 
ALFENTANIL-INDUCED RIGIDITY IN NEWBORNS 


25 ug/kg of alfentanil to preterm and term infants to 
provide sedation during mechanical ventilation in the 
first 3 days without any significant hemodynamic 
changes. On the other hand, Marlow et al. (15) report 
a decrease in both heart rate and arterial blood 
pressure within 2 min after doses of 20 ug/kg of 
alfentanil given to premature infants (mean gesta- 
tional age 30 wk). The gestational ages in the present 
series were higher (mean 36 wk). The patients were 
hemodynamically stable before the administration of 
alfentanil, and no other drugs were used. All of these 
factors might explain the difference. 

Rigidity, the most significant adverse effect re- 
corded here, appeared immediately after alfentanil 
injection and was intense, even convulsive, in 4 of 
the 20 infants. There are several reports of seizures 
and drug-induced rigidity in adults during the induc- 
tion of anesthesia with fentanyl, sufentanil, and 
alfentanil (17-19), but no seizure activity has ever 
been reported in an EEG during these episodes. The 
movements often resembled seizures, involving stiff- 
ness of the limbs and trunk with explosive onset of 
myoclonic limb movements. Narcotic rigidity is usu- 
ally thought to be dose related and to be noticeable 
only at large doses, but our results show that it can 
appear in neonates even after small doses. The phar- 
macokinetic parameters did not differ among our 
patients with and without muscle rigidity, and the 
EEG showed no seizure activity during alfentanil 
injection in any of the three cases in which recordings 
were made. The rigidity disappeared in a few min- 
utes, but an increased inspired O, concentration and 
increased pressure by manual ventilation were 
needed to treat hypoxemia in the severe rigidity 
cases. Thus, the chest rigidity could predispose in- 
fants with hyaline membrane disease in particular to 
lung damage and pulmonary air leaks. We are un- 
aware of any previous research carried out on this age 
group involving muscle rigidity. 

Newborn infants with respiratory difficulties react 
to the most minor treatment procedures or maneu- 
vers, even when painless, and most neonatal inten- 
sive care units will use some type of sedation, anal- 
gesia, and muscle relaxation during mechanical 
ventilation for stabilization. The use of neuromuscu- 
lar blockers in neonates requiring mechanical venti- 
lation is controversial, as noted by Costarino and 
Polin (23). Rigidity can undoubtedly be prevented by 
muscle relaxants, but although sedation with mepe- 
ridine or morphine is used routinely at our hospital, 
relaxants are not, partly because they eliminate the 
clinical, neurologic, and externally observable reac- 
tions of the infants. 

Alfentanil is a promising fast-acting drug for pos- 
sible use in distressed, mechanically ventilated neo- 
nates during treatment procedures. The appearance 
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of rigidity with the frequency described here after the 
use of such small doses of the drug nevertheless 
argues against its administration to newborn infants 
without simultaneous muscle relaxation. We have 
used alfentanil with suxamethonium and glycopyrro- 
late in connection with elective neonatal intubations 
without any serious adverse side effects. 

The experience of pain or other stress associated 
with routine care can cause unwanted hemodynamic 
effects and hypoxemia in ill neonates; however, opi- 
ates can also cause adverse effects, one example of 
which is the rigidity described here. The appropriate 
dose required to reduce the stress experienced by 
mechanically ventilated infants during the various 
procedures necessary for their care and treatment has 
yet to be defined. 





We thank the analytical department of Orion Pharmaceuticals for 
the measurements of plasma alfentanil concentration. 
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Preoperative Screening for Pediatric Ambulatory Surgery: 
Evaluation of a Telephone Questionnaire Method 
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The purpose of this study was to determine whether 
preoperative screening of pediatric patients, accom- 
plished by means of a preoperative telephone call to 
their parents, would decrease the rate of cancellation 
or postponement of ambulatory surgical procedures. 
Data from 5031 patients scheduled for ambulatory 
surgery were collected. During phase I of the study, 
when phone calls were attempted only during busi- 
ness hours, we contacted 805 of 1662 (48%) of pa- 
tients’ oe The contact rate improved to 71% 
(2403 of 3369 patients) during phase II of the study, 
when phone calls were made in the evening, and 
parents were encouraged by the ns to call the 
ambulatory unit. Approximately 13% of the contacted 


has been largely dictated by social and fiscal 

considerations. Ambulatory surgery is espe- 
cially suitable for children because many of the sur- 
gical procedures they commonly undergo are short 
and simple and because the patients are generally in 
good health (1). Thorough preoperative preparation 
and careful discharge planning are crucial to the 
success of an ambulatory surgical program. We can- 
not depend on the surgeon alone to evaluate and 
prepare the patient for anesthesia; this is especially 
true when a large number of surgeons practice at the 
same center (2). To ensure some degree of unifor- 
mity, the anesthesiologist must participate in pre- 
operative screening or evaluation. 

The purpose of this study was to determine the 
effect of a preoperative telephone screening program 
on the rate of cancellation or postponement of pedi- 
atric ambulatory surgical procedures. 


[k growing popularity of ambulatory surgery 
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parents reported a history of medical problems in 
their children. A preoperative anesthesia consultation 
was required in 2.8% of the patients whose parents 
were contacted. The rate of ed or canceled 
surgery among those who could not be screened was 
14.8%; among patients who were screened, it was 9.7% 
(P < 0.001). Patients in the former group were more 
likely than those in the latter group to require inpatient 
care for monitoring or treatment of underlying medical 
problems (1.3% vs 0.3%, respectively; P < 0.05). We 
conclude that a preoperative telephone interview is an 
effective method for screening pediatric ambulatory 
surgical patients. 

(Anesth Analg 1992;75:258-61) 


Methods 


Children’s National Medical Center in Washington, 
D.C., provides comprehensive health care to children 
from a large metropolitan area. The ambulatory sur- 
gical unit is integrated into the main operating room. 
Surgeons select and schedule patients for ambulatory 
surgery in accordance with set guidelines under 
which ASA physical status I or II patients are consid- 
ered appropriate candidates for ambulatory surgery. 
A consultation is requested before an ASA physical 
status III patient is scheduled for ambulatory surgery. 
A list of suggested ambulatory surgical procedures is 
provided to the surgeons and is updated periodically. 
Patients scheduled for ambulatory surgery are admit- 
ted through the AM Surgical Admission Center 
(AMSAC). After surgery and recovery room care, 
they are observed in the short-stay recovery unit until 
discharge. 


Screening Procedure 


The patient scheduled for ambulatory surgery under- 
goes a four-stage evaluation process. First, preoper- 
ative screening is accomplished by obtaining a de- 
tailed medical history by a directed telephone call 
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made through AMSAC 3-7 days before surgery. The 
AMSAC is staffed by a certified pediatric nurse prac- 
titioner (CPNP), a licensed practical nurse (LPN), and 
two admission clerks. The telephone calls are made 
by the CPNP during the day or by the LPN during the 
evening. The CPNP reviews all calls made by the 
LPN. A printed questionnaire designed to elicit infor- 
mation on anesthesia-related risk factors is used. 
Parents are asked specific questions about history of 
prematurity and cardiac, pulmonary, renal, endo- 
crine, and other anesthesia-related risks. 

If preexisting medical problems, such as history of 
prematurity or asthma, are discovered in the course 
of the telephone call, the case is reviewed by a staff 
anesthesiologist. When warranted by the medical 
history, the child is scheduled for an examination by 
the anesthesiologist a few days before surgery. Fur- 
ther consultations and tests are arranged according to 
the anesthesiologist’s recommendations. The appro- 
priateness of ambulatory surgery for these patients is 
reviewed, and surgeons are contacted if a change in 
admission status is contemplated. 

A second telephone call is made to the parents on 
the evening before surgery by the evening-shift 
nurses of the short-stay recovery unit to detect acute 
illnesses. Such calls are made after 5 pm when the 
time required for direct patient care has decreased. 
During this call, the nurse inquires about acute ill- 
nesses, such as upper respiratory infection or diar- 
rhea. Instructions about arrival time, fasting, and 
ambulatory care unit procedures are provided. 

On the day of surgery, the patient is admitted 
through the AMSAC unit. The CPNP checks the 
patient in the AMSAC before starting the admission 
process. If the patient has any acute problems, 
such as fever or upper respiratory tract infection, or 
has violated fasting guidelines, a staff anesthesiolo- 
gist is consulted before the admitting process is 
initiated. 

The fourth and final step of the preanesthesia 
evaluation is the examination by the anesthesiologist. 
This is performed in an examination room adjacent to 
the play room (operating room holding area). The 
medical history is reviewed, and a physical examina- 
tion is performed by the anesthesiologist. After the 
results of appropriate laboratory tests have been 
checked, anesthesia is induced. 


Data Collection 


A printed data sheet was completed for each patient 
as soon as surgery was scheduled. This form was 
used to follow the patient’s course and note the final 
outcome. The final outcome was measured as com- 
pleted surgery, canceled or postponed surgery, ad- 
mission on the evening before surgery, or lost to 
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follow-up. When parents were contacted for preoper- 
ative screening 3-7 days before surgery, the type of 
problems reported by the parents and action/ 
consultation sought were noted. 

During phase I of the study, we attempted to 
telephone parents during office hours (8 AM—4 pm). If 
that attempt was not successful, a second call was 
made on the following day. If we were unable to 
contact them on three consecutive days, no further 
attempts were made; parents of these patients were 
interviewed on the morning of surgery. Patients who 
could not be contacted by telephone, and therefore 
did not undergo the preoperative screening by the 
AMSAC unit 3-7 days before scheduled surgery, 
were placed in the “not contacted” group. During 
phase II, three changes were made in the screening 
process: first, calls to the parents were made during 
evening hours (4 pM—10 pm); second, a telephone 
answering machine was installed in the AMSAC so 
that parents could call and leave messages indicating 
when they would be available by telephone; and 
third, surgeons instructed parents to contact the 
ambulatory admission center if they did not receive 
the screening call. 

The numbers and types of medical and nonmedi- 
cal problems reported as a result of screening per- 
formed 3-7 days before surgery were analyzed. 
When a problem was discovered on the day of 
surgery, a decision was made to proceed with, post- 
pone, or cancel surgery. When warranted, patients 
were admitted to the hospital before or after surgery 
for monitoring or treatment, or both. 

The numbers of patients whose surgery was can- 
celed or postponed or whose admission status was 
changed from ambulatory to in-hospital were com- 
pared with the patients who underwent the tele- 
phone screening process (3-7 days before surgery) 
and those who did not. The number of patients 
contacted during phase I was compared with the 
number of patients contacted during phase II. The 
results were compared with y” analysis. 


Results 


A total of 5031 patients scheduled for ambulatory 
surgery were studied. During phase I of the study, 
we were able to contact 805 of 1662 consecutively 
scheduled patients (48%). The contact rate increased 
to 71% (2403 of 3369) during phase II of the study 
(P < 0.0001). Thirteen percent of the patients whose 
parents were contacted had a history of an underly- 
ing medical problem. On the basis of information 
obtained over the telephone, 2.8% (89) of the con- 
tacted patients were referred for an anesthesia con- 
sultation before the day of surgery. Even though the 
telephone screening was intended for medical pur- 
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Table 1. Problems Identified During Preoperative 


Telephone Screening for Pediatric Ambulatory Surgery 


No. of patients (total) 5031 
No. of screened patients 3208 
Contact ratio“ 
Phase I 805/1662 (48%) 
Phase II 2403/3369 (71%) 
Problems identified 
Medical (no.) 
History of prematurity 109 
Cardiac 81 
Asthma 52 
Central nervous system 33 
Other’ 144 
Total 419 (13.0%) 
Socioeconomic 10 (0.3%) 
Administrative (insurance documentation) 9 (0.3%) 
Total 438 (13.6%) 
Anesthesia consultation sought 89 (2.8%) 
‘P < 0.0001 I vs I). 
"Less iene ee 


frequent conditions, such as Down’s syndrome, gastrointestinal 


Table 2. Outcome of Patients Who Were Contacted 
(Screened) Versus Those Who Could Not Be Contacted 
(Not Screened) 


Not 
Screened screened 
(n = 3208) (n = 1823) 
Surgery completed as 2529 (78.8%) 1300 (71.3%) 
scheduled 
Surgery postponed/canceled* 311 (9.7%) 269 (14.7%) 
Not rescheduled/lost to 359 (11.2%) 231 (12.7%) 
follow-up’ 
Change to PM admission 9 (0.3%) 23 (1.3%) 
(hospitalized the evening 
before surgery)" 
*P < 0.0001. 


bp < 0.02. 


poses only, socioeconomic problems, such as lack of 
transportation or documentation of the custody of the 
child, were also discovered during the course of the 
telephone interview. Lapses in insurance documen- 
tation were also noted and corrected. Table 1 lists the 
medical and nonmedical problems discovered during 
the telephone screening process. 

Table 2 lists the outcome of patients who were 
screened versus those who could not be screened. 
The rate of postponed or canceled procedures (versus 


those completed as scheduled) was approximately ` 


50% higher in those who were not screened than in 
those who were screened (14.7% vs 9.7%, respec- 
tively; P < 0.0001). Patients in the unscreened group 
were also more likely be admitted to the hospital for 
postoperative monitoring or treatment of underlying 
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medical problems, or both, than those who were 
screened (1.3% vs 0.3%, respectively; P < 0.0001). 


Discussion 

As ambulatory surgery is no longer limited to ASA 
physical status I or II patients undergoing superficial 
or minor procedures, the need for thorough preanes- 
thetic screening has intensified. Our data support the 
importance of a formal screening process. Surgery 
was canceled or postponed more frequently in pa- 
tients who were not screened than in those who were 
screened. Moreover, more patients in the group who 
could not be contacted needed overnight hospital 
admission than those who were contacted. Currently 
used methods for preanesthetic screening include 
personal interviews during a hospital visit, office or 
clinic consultation, telephone interviews, mail-in 
questionnaires, and computer-assisted question- 
naires (3). Each method has its advantages and dis- 
advantages for the parents and physician. The effec- 
tiveness of these various methods has not been 
objectively established and compared. 

Telephone screening has several advantages, one 
of which is that the parents do not have to make an 
extra trip to the hospital. One of the drawbacks of 
telephone screening is that a physical examination 
cannot be performed by an anesthesiologist on all 
patients before the day of surgery. We believe that a 
good history can provide the clues needed to deter- 
mine whether a physical examination before the day 
of surgery is necessary. If so, a preanesthetic visit can 


‘be arranged. In addition, all of our patients are 


examined by an anesthesiologist on the day of sur- 
gery before induction of anesthesia. 

During the early part of this study, we gained 
information that helped us restructure our screening 
process. We realized that our contact rate during 
phase I was low because we were placing calls during 
the day, when most parents were at work. We 
changed our staffing pattern and started to contact 
parents in the evening. One part-time LPN was hired 
to complete the telephone calls during the evening. 
The expense was offset by an equivalent reduction in 
the daytime staff. Installation of an answering ma- 
chine allowed parents to leave messages, telephone 
numbers, and times when they could be reached. 
Surgeons’ office staff also instructed parents to initi- 
ate the call to our ambulatory unit to complete or 
schedule a telephone interview. These changes in- 
creased our contact rate from 48% to 71%. Our goal 
was to contact parents of all patients scheduled for 
surgery; nonetheless, last-minute scheduling by the 
surgeons and socioeconomic factors, such as lack of a 
telephone or difficulties in tracing guardianship of 
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foster care children and those living in shelter homes, 
made it impossible to reach all the families. 

Surgery may still need to be postponed or canceled 
for patients who present to the ambulatory unit on 
the day of surgery with an acute problem, such as 
diarrhea, bronchitis, or upper respiratory tract infec- 
tion, regardless of the thoroughness of the preoper- 
ative screening. A preoperative screening performed 
in advance will not detect such diseases. Even though 
the full fiscal impact of canceled or postponed surgi- 
cal cases cannot be ascertained, such changes in the 
surgical schedule undeniably affect the efficient func- 
tioning of the operating room. 

In conclusion, our results suggest that a compre- 
hensive preoperative telephone interview is an effec- 
tive method to identify anesthesia risk factors that 
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may require preoperative intervention. Calling par- 
ents during the evening hours and encouraging them 
to call the ambulatory center enable the interviewer to 
contact more parents and thereby significantly im- 
prove the effectiveness of the prescreening process. 
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The effects of oral clonidine on the duration of iso- 
baric tetracaine spinal anesthesia were studied in 30 
patients undergoing urologic procedures. All patients 
received 15 mg of tetracaine intrathecally in isobaric 
saline solution. Group 1 (n = 10) received 0.25 mg of 
oral triazolam; group 2 (n = 10) received 0.15 mg of 
oral clonidine; and group 3 (n = 10) received 0.25 mg 
of oral triazolam and 0.75 mg of intrathecal phenyl- 
ephrine. In group 1, the times for two- and four- 
segment regression of the level of analgesia to pin- 
prick were 80 + 17 and 123 + 22 min, respectively 


esthetic concentration (MAC) of inhaled anes- 
thetics (1,2) and the dose of narcotics required 
to prevent reflex cardiovascular response to tracheal 
intubation (3) and surgery (4). It also has potent 
analgesic properties in humans (5), and oral clonidine 
seems to be an effective premedication for general 
anesthesia (6,7). In addition, the intrathecal adminis- 
tration of clonidine is effective in prolonging spinal 
anesthesia with tetracaine (8,9) and bupivacaine 
(10,11). Pouttu et al. (12) reported that oral clonidine 
had the capacity to prolong the duration of bupiv- 
acaine spinal anesthesia; however, the capacity of 
oral clonidine to prolong tetracaine spinal anesthesia 
has not been established. 
The present study was designed to assess the 
effect of oral clonidine premedication on the duration 
of tetracaine spinal anesthesia. 


| (este decreases the minimum alveolar an- 


Methods 


This study was performed in 30 male patients 
20-65 yr of age, ASA physical status I or II, who were 
scheduled for cystoscopy and transurethral prostatic 
or bladder surgery with spinal anesthesia. All pa- 
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(mean + sp). The corresponding values of those 
measurements were 170 + 27 273 + 48 min in 
group 2 and 175 + 34 and 273 + 68 min in group 3. All 
the regression times in groups 2 and 3 were signifi- 
cantly longer than those in group 1. ion times 
were not different between groups 2 and 3. The authors 
conclude that prolongation of tetracaine sensory anal- 
gesia may be produced by premedication with 0.15 mg 
of oral clonidine. The prolongation is similar to that 
produced by intrathecal phenylephrine. 

(Anesth Analg 1992;75:262-4) 


tients gave their informed consent after receiving a 
detailed explanation of the procedure, which was 
approved by the hospital ethics committee. The pa- 
tients were randomly allocated to three groups. 
Group 1 (n = 10) received 0.25 mg of triazolam orally 
as premedication approximately 1 h before anesthe- 
sia. Group 2 (n = 10) was given 0.15 mg of clonidine 
orally approximately 1 h before anesthesia. Groups 1 
and 2 received spinal anesthesia with 3 mL of 0.5% 
tetracaine in normal saline solution. Group 3 (n = 10) 
received 0.25 mg of oral triazolam 1 h before anesthe- 
sia and spinal anesthesia with 3 mL of 0.5% tetracaine 
in normal saline solution included with 0.75 mg of 
phenylephrine. 

Immediately before the induction of anesthesia, an 
intravenous infusion of lactated Ringer's solution was 
started at a rate of 5-8 mL-kg™'-h™’. Arterial blood 
pressure was measured, and electrocardiogram lead 
H was recorded for measurement of heart rate. After 
recording control arterial blood pressure and heart 
rate, the patient was placed in a lateral recumbent 
position. Using aseptic technique, a lumbar puncture 
was performed with a 25-gauge needle at the L3-4 
intervertebral space. Once a free flow of cerebrospi- 
nal fluid was obtained, the local anesthetic was 
injected at a rate of 1 mL every 3s. After the injection, 
the patients were returned to the supine position and 
remained there for at least 20 min before being 
positioned for the operation. Dermatomal levels of 
sensory anesthesia were evaluated by pinprick. The 
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Table 1. Characteristics of Sensory Spinal Blockade in 30 Patients 


Oral triazolam + 

intrathecal 
Oral triazolam Oral clonidine phenylephrine 

(group 1, n = 10) (group 2, n = 10) (group 3, n = 10) 

Maximal level of sensory blockade (dermatome} T7.8 +15 17.6 + 1.8 T7.5 £7 
Time to maximal level of sensory blockade (min) 24 +3 2 £6 27 +9 

Time for two-segment regression (min) 80 + 17 170 + 27" 175 + 34“ 
Time for four-segment regression (min) 123 + 22 273 + 48* 273 + 68" 
Time for regression to L-1 (min) 161 + 43 312.6 32" 329 + 50" 


L-1, first lumbar segment. 
All values are mean + sp. 
“Significantly different from group 1 (Student’s test); P < 0.001. 


levels of pinprick analgesia were studied every 5 min 
for 30 min after the injection and were continued at 
intervals of 15 min until analgesia to pinprick recov- 
ered to the L-2 segment. 

Arterial blood pressure and heart rate were moni- 
tored every 2 min for 10 min and every 10 min 
thereafter until the time of discharge from the recov- 
ery room. Hypotension (i.e., arterial blood pressure 
<90 mm Hg) was treated with either intravenous 
administration of fluid or ephedrine (5-10 mg). 

All data are presented as mean + sp. Statistical 
analysis was performed with Student's t-test and the 
Wilcoxon rank-sum test, with P < 0.05 taken to 
indicated a significant difference. 


Results 


The mean age, weight, and height of the 30 patients 
were 49 + 15 yr, 62 + 9 kg, and 165 + 7 cm, 
respectively. These values were not significantly dif- 
ferent among the groups. All surgical procedures 
were completed without complications. 

The mean maximal levels of anesthesia (T-7-T-8) 
were similar in the three groups (Table 1). Although 
the times to maximal levels varied greatly in the three 
groups, ranging from 15 to 45 min, the mean values 
were not significantly different (Table 1). As shown in 
Table 1, the mean times from injection of the anes- 
thetic to regression of the levels of sensory anesthesia 
by two segments varied from 80 to 175 min. There 
were significant differences in this variable between 
groups 1 and 2 (P < 0.001) and between groups 1 and 
3 (P < 0.001). The mean regression times to four 
segments below the maximal levels were significantly 
prolonged by either administration of oral clonidine 
or intrathecal phenylephrine. Compared with group 
1, the mean time for regression of the level of sensory 
anesthesia to L-1 was significantly longer in groups 2 
and 3 (P < 0.001). 

There were no significant differences in systolic ar- 
terial blood pressure before premedication and anesthe- 


Table 2. Systolic Arterial Blood Pressure and Heart Rate 
for Each Study Group 


Group 1 Group2 Group3 
(n = 10) (n = 10) (n = 10) 
SBP before premedication 132 + 18 128+21 120+15 
(mm H 
SBP before anesthesia 135 + 20 121+17 Wied 
(mm Hg) 
Lowest SBP during spinal 115 £19 102+7 106 + 16 
anesthesia (mm Hg) 
HR before premedication 80 + 12 81 + 10 79 + 15 
(beats/min) 
HR before anesthesia 82 + 12 69 + ¥ 79 + 16 
(beats/min) 
Slowest HR during spinal 70 + 13 60 + 10 71 + 16 
anesthesia (beats/min) 
No. of patients requiring 1/10 2/10 2/10 
IV ephedrine 


SBP, systolic arterial blood pressure; HR, heart rate. 
All results are mean + sp. 
Foenn different from group 1 (Student's t-test), P < 0.05, and 
ignificantly different from group 2 in heart rate before premedication 
(Student's t-test), P < 0:05. 


sia in the three groups (Table 2). The lowest level of 
systolic arterial blood pressure during spinal anesthesia 
was not significantly different in the three groups. 

As shown in Table 2, the heart rate before anesthesia 
in group 2 was significantly less than in group 1 (P < 
0.05). The heart rate before anesthesia decreased signif- 
icantly compared with that before premedication, but 
the slowest heart rate during spinal anesthesia was not 
significantly different among the three groups. The 
heart rate of any patient did not decrease to <50 
beats/min at any time during this study. 


Discussion 

Our study shows that oral clonidine and intrathecal 
phenylephrine significantly prolonged the duration 
of tetracaine spinal anesthesia. When either oral 
clonidine or intrathecal phenylephrine was adminis- 
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Figure 1. Mean segmental levels at various times after intrathecal 
administration of tetracaine in the three study groups. *Signifi- 
cantly different from group 1 (Wilcoxon rank-sum test); P < 0.05. 
“Significantly different from group 1 (Wilcoxon rank-sum test); 
P < 0.01. 


tered, the percent of change from control duration of 
the time for regression to L-1 was almost doubled. In 
the prolonging effect of tetracaine spinal anesthesia, 
oral clonidine was similar to intrathecal phenyleph- 
rine (Figure 1). 

Many investigators have found that phenyleph- 
rine and epinephrine significantly prolong sensory 
and motor blockade during tetracaine spinal anesthe- 
sia (13,14). Intrathecal clonidine, in a dose of 0.15 mg, 
prolongs tetracaine spinal anesthesia in dogs (15) and 
humans (9). Intrathecal clonidine also prolongs bupiv- 
acaine spinal anesthesia in humans (10). 

The 0.15-mg oral dose of clonidine used in this 
study prolonged tetracaine spinal anesthesia in a 
similar fashion to phenylephrine. The oral dose of 
clonidine we used was approximately 2.4 wg/kg in all 
patients, similar to that (2.6 mg/kg) used for intra- 
thecal administration in humans (9,10) in an attempt 
to prolong spinal anesthesia. However, this dose 
seems to be too small to elevate the concentrations of 
clonidine in cerebrospinal fluid. Clonidine is highly 
lipid soluble and crosses tissue barriers rapidly (16). 
We believe that the mechanism by which clonidine 
prolonged spinal anesthesia in this study was due to 
a supraspinal action; however, we have no data with 
regard to the concentration of clonidine in the blood 
and cerebrospinal fluid. 

In conclusion, when utilized as premedication 
0.15 mg of oral clonidine produced a clinically useful 
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enhancement of the duration of tetracaine spinal 
anesthesia. When used in conjunction with tetracaine 
spinal anesthesia, oral clonidine premedication may 
have a distinct advantage because of its capacity to 
prolong sensory blockade and its potent sedating 
properties. 
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We have investigated the value of a 3-in-1 nerve 
block, followed by a continuous low-dose infusion of 
bupivacaine into the femoral nerve sheath for post- 
operative analgesia after total knee replacement. 
Thirty-seven patients were randomly allocated to 
either a control group or a study group. The study 
group had a catheter placed in the ipsilateral femoral 
nerve sheath. A 3-in-1 nerve block was then per- 
formed in the study group with injection of 30 mL of 
0.25% bupivacaine through the catheter. This was 


described by Winnie et al. (1) in 1973 and 
involves the injection of local anesthetic into 
the perineural sheath surrounding the femoral nerve 
to obtain blockade of the femoral nerve, obturator 
nerve, and the lateral cutaneous nerve of the thigh. It 
has been shown to be of value for analgesia after 
open knee surgery (2) and can be extended to provide 
continuous analgesia by insertion of a catheter into 
the femoral nerve sheath (3); however, previous 
studies used doses of bupivacaine approaching or 
exceeding the maximum recommended dose (4,5). 
We have investigated the value of a 3-in-1 block 
achieved with a lower dose of bupivacaine, followed 
by a continuous low-dose infusion of bupivacaine 
into the femoral nerve sheath, as a method of pain 
relief after total knee replacement. 


F | The technique of 3-in-1 neural blockade was first 


Methods 


The study was approved by the hospital ethical 
committee, and written, informed consent was ob- 
tained from each patient. All patients undergoing 
total knee replacement under general anesthesia 
were considered eligible for the study. Patients with 
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followed by a continuous infusion of 0.125% bupiv- 
acaine at 6 mL/h. The study group had significantly 
lower pain scores 4 and 24 h postoperatively (P < 
0.01) and required less postoperative opioid analgesic 
medication (P < 0.01) than the control group. The 
authors conclude that a continuous low-dose infusion 
into the femoral nerve sheath results in better pain 
relief than conventional intramuscularly adminis- 
tered narcotics after total knee arthroplasty. 

(Anesth Analg 1992;75:265-7) 


severe cardiorespiratory disease or hepatic or renal 
impairment were excluded. 

All patients received a standard anesthetic. Premed- 
ication was temazepam (20 mg) 1 h before induction of 
anesthesia. Anesthesia was induced with intravenous 
fentanyl (1 g/kg), thiopental (3-5 mg/kg), and vecuro- 
nium (0.1 mg/kg). The trachea was intubated and the 
lungs ventilated with oxygen, nitrous oxide, and iso- 
flurane. Muscle relaxation was maintained throughout 
the operation with intermittent bolus doses of intrave- 
nous vecuronium. At the end of the procedure, neuro- 
muscular blockade was reversed with intravenous neo- 
stigmine (2.5 mg) and glycopyrronium (0.5 mg). 

Patients were prospectively randomized to one of 
two groups. The control group received no addition 
to the standard anesthetic. In the study group, after 
induction of anesthesia, a catheter was introduced 
into the ipsilateral femoral nerve sheath. Under asep- 
tic conditions, the sheath was located with a Tuohy 
needle, with the double loss-of-resistance technique 
described previously by Khoo and Brown (6). A 
16-gauge Portex epidural catheter was then passed 
through the Tuohy needle and secured with a stan- 
dard dressing, so that 10 cm remained within the 
sheath. If on threading the catheter through the 
Tuohy needle it met with only minimal resistance, 
then the catheter was assumed to be correctly posi- 
tioned. Initially, 30 mL of 0.25% bupivacaine was 
injected into the catheter to obtain a 3-in-1 block. This 
was immediately followed by an infusion of 0.125% 
bupivacaine at 6 mL/h, which was then continued 
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Table 1. Clinical Characteristics of 37 Patients 
Undergoing Total Knee Replacement 


Study group Control group 
(n = 19) (n = 18) 
Male/female 7/12 8/10 
Mean age (sD) (yr) 66.9 (8.9) 65.6 (5.8) 


Table 2. Postoperative Pain Scores (0 = no pain; 
100 = worst pain imaginable) and Analgesic 
Requirements in 37 Patients 


Study group Control group 


(n = 19) (n = 18) 
Pain score at 4h 32.9 (5.87 64.3 (5.2) 
Pain score at 24 h 25.1 (4.37 55.6 (4.3) 
Analgesia required in first 24 h 
No. of doses 1.32 (0-4)* 3.17 (2-4) 
Total papaveretum dose (mg) 15.5 (0-55)* 43.0 (20-80) 


Data are mean (SEM or range). 
“Study group < control group; P < 0.01. 


into the postoperative period for 24 h. After the 
operation, in both groups intermittent intramuscular 
- papaveretum (10-20 mg every 4 h) was prescribed to 
be given on patient request. 

Postoperative pain was assessed by a 100-mm 
visual analogue scale, which was completed by the 
patient at 4 and 24 h after the operation. In addition, 
the amount of postoperative opiate analgesia re- 
ceived by each patient in the first 24 h was noted. We 
did not assess loss of sensation in the distribution of 
the blocked nerves because of the presence of exten- 
sive dressings around the knee and thigh. 

Patient pain scores and analgesic requirements 
were compared with the Mann-Whitney U-test. 


Results 


Forty-two patients initially participated in the study; 
22 entered the study group and 20 the control group. 
In three patients in the study group, the femoral 
nerve catheters became dislodged before completion 
of the 24-h study period, and these patients were 
withdrawn from the study. Two patients in the 
control group did not complete the postoperative 
visual analogue scale, and these patients were also 
withdrawn, leaving 19 patients in the study group 
and 18 patients in the control group. 

There were no significant differences between 
the groups with respect to age or gender (Table 1). 
The postoperative visual analogue scale pain scores 
and analgesic requirements are shown in Table 2. 
The pain scores of the patients in the study group 
were significantly lower than that of the patients 
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in the control group at both 4 h (P < 0.01) and 24h 
(P < 0.01). The patients in the study group required 
fewer doses of opiate analgesia than patients in 
the control group (P < 0.01). Six of 19 patients in 
the study group required no supplementary analge- 
sia. 


Discussion 


Total knee replacement produces severe pain in 60% 
and moderate pain in 30% of patients (7). There are 
several methods available for providing postopera- 
tive analgesia, including systemic or epidural opiates 
and epidural local anesthetics. Opiates are associated 
with side effects, such as nausea, pruritus, and res- 
piratory depression, whereas epidural local anesthet- 
ics may cause bilateral motor blockade (7), shivering, 
and hypotension. 

The knee joint is innervated primarily by the 
femoral nerve but also receives branches of the obtu- 
rator and sciatic nerves. The 3-in-1 technique will 
block the femoral and obturator nerves and has the 
advantage of causing no cardiovascular or respiratory 
side effects. The block is relatively easy to perform 
compared with other techniques of regional analgesia 
and does not require any special positioning of the 
patient. After knee surgery, postoperative pain can 
be associated with reflex spasm of the quadriceps 
muscle, causing further pain and impaired muscle 
function. Abolition of quadriceps muscle spasm by 
femoral nerve blockade contributes to the effective- 
ness of the technique. We saw no complications of 
the block in our patients, although prolonged femoral 
nerve blockade has been reported, either as a result of 
intraneural injection (8) or with high doses of local 
anesthetic (9). Injection of lower concentrations of 
local anesthetic through a catheter rather than a 
hypodermic needle, as in this study, should reduce 
the risks of this occurring. 

Previous studies using a 3-in-1 block after knee 
surgery have used larger doses of bupivacaine. In a 
study of patients undergoing open knee surgery, 
Dahl et al. (4) found that a 3-in-1 block performed 
with 2 mg/kg of bupivacaine, followed by an infusion 
of bupivacaine into the femoral nerve sheath at 
0.35 mg-kg~?-h~", resulted in a significant reduction 
in postoperative pain; however, of 10 patients in 
the study group, 1 patient had a plasma bupivacaine 
concentration of 2.1 ug/kg 30 min after the start of 
the infusion. In a recent study of patients under- 
going total knee replacement, Misra et al. (5) 
combined a 3-in-1 block with a sciatic nerve block, 
resulting in effective postoperative analgesia; how- 
ever, the total dose of bupivacaine given to each 
patient was 3 mg/kg, exceeding the manufacturer's 
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maximum recommended dose of 2 mg/kg. The peak 
plasma concentration in one patient reached 
2 pg/mL. 

The reported toxic concentration for bupivacaine is 
2 pg/mL, although minor toxic symptoms have been 
described at an arterial concentration of 1.5-2.0 g/mL 
(10). Although no patient in either of the studies by 
Dahl et al. (4) or Misra et al. (5) exhibited any clinical 
signs or symptoms of toxicity, the safety of the tech- 
nique may be improved if analgesia can be obtained 
with a lower dose of local anesthetic. 

In this study, we have used approximately half the 
dose of bupivacaine that has been used in previous 
studies, with a bolus dose of 75 mg of bupivacaine 
followed by an infusion of 0.125% bupivacaine at 
6 mL/h. Pain scores were significantly lower com- 
pared with control patients at both 4 h and 24 h, as 
were 24-h opiate requirements. We have thus shown 
that a continuous low-dose infusion of bupivacaine 
into the femoral nerve sheath results in better pain 
relief after total knee replacement than a conventional 
intramuscular narcotic regimen, with minimal risk for 
bupivacaine toxicity. 


The authors thank the Consultant Orthopaedic Surgeons at Mor- 
riston Hospital for allowing their patients to participate in the 
study, and Drs. P. A. Steane and D. Long for their encouragement. 


REGIONAL ANESTHESIA AND PAIN MANAGEMENT 
CONTINUOUS 3-IN-1 NERVE BLOCK INFUSION FOR POSTOPERATIVE ANALGESIA 


EDWARDS AND WRIGHT 267 


References 


1. Winnie AP, Ramamurthy S, Durrani Z. The inguinal perivas- 
cular technique of lumbar plexus anaesthesia: the 3-in-1 block. 
Anesth Analg 1973;52:989-96. 

2. Tierney E, Lewis G, Hurtig JB, Johnson D. Femoral nerve block 
with bupivacaine 0.25% for postoperative analgesia after open 
knee surgery. Can J Anaesth 1987;34:455-8. 

3. Rosenblatt RM. Continuous femoral anaesthesia for lower limb 
extremity surgery. Anesth Analg 1980;59:631-2. 

4. Dahl JB, Christiansen JL, Daugaard JJ, Schultz P, Carlsson P. 
Continuous blockade of the lumbar plexus after knee sur- 
gery——postoperative analgesia and bupivacaine concentra- 
tions. Anaesthesia 1988;43:1015-8. 

5. Misra U, Pridie AK, McClymont C, Bower $. Plasma concen- 
trations of bupivacaine following combined sciatic and femoral 
3-in-1 nerve blocks in open knee surgery. Br J Anaesth 1991; 
66:310-3. 

6. Khoo ST, Brown TCK. Femoral nerve block: the anatomical 
basis for a single injection technique. Anaesth Intensive Care 
1983;11:40-2. 

7. Rai P, Knarr D, Vigdodorlt E, Pither C. Comparison of contin- 
uous epidural infusion of local anaesthetic and administration 
of systemic narcotics in the management of pain after total 
knee replacement. Anesth Analg 1987;66:401-6. 

8. Frerk CM. Palsy after femoral nerve block. Anaesthesia 1988; 
43:167-8. 

9. Madej TH, Ellis FR, Halsall PJ. Prolonged femoral nerve block 
with 0.5% bupivacaine. Anaesthesia 1988;43:607-8. 

10. Reynolds FA. Comparison of the potential toxicity of bupiv- 
acaine, lignocaine and mepivacaine during epidural blockade 
for surgery. Br J Anaesth 1971;43:567-71. 


Continuous Interpleural Infusion of Bupivacaine for 
Postoperative Analgesia After Surgery With Flank Incisions: 
A Double-Blind Comparison of 0.25% and 0.5% Solutions 
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Postoperative analgesia, as assessed by visual ana- 
logue scale scores (0-10) and patient-controlled anal- 
gesia morphine requirements, pulmonary function 
(forced vital capacity and forced expiratory volume in 
1 s), and plasma bupivacaine concentrations were 
studied in patients receiving interpleural blockade 
with bupivacaine after surgery with a flank incision. 
Two groups of 10 patients received either 0.5% or 
0.25% bupivacaine, both with epinephrine (5 g/mL). 
Pain relief was initiated when patients had visual 
analogue scale scores 24, Patients received 21 mL 
of bupivacaine 0.25% or 0.5% in a double-blind 
fashion. One hour later, a continuous infusion of 5 
mL/h of the study solution was started. At the same 
time, patient-controlled analgesia became accessi- 
ble to the patients. The onset time of pain relief and 
the area under the visual analogue scale score-time 
curves over the first 8 h were similar in both groups. 
Patient-controlled analgesia morphine use was 
also similar in the 0.25% (21.3 + 14.6 mg) and 


pleural (IP) administration of a local anesthetic 

provides satisfactory pain relief after surgery 
with unilateral incisions (1-4). In a previous study 
(5), we demonstrated that the number of blocked 
dermatomes, as assessed by pinprick, was more 
variable after single-dose IP than after IC administra- 
tion of 21 mL of 0.5% bupivacaine with epinephrine. 
Also, the mean time intervals from injection to two- 
dermatome regression and to first additional pain 
medication were shorter after IP than after IC ad- 


Bee intercostal (IC) administration, inter- 
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0.5% (21.0 + 16.0 mg) groups (mean + sp). In both 
groups, forced vital capacity and forced expiratory 
volume in 1 s improved significantly within 60 min 
(P < 0.05). Peak plasma concentrations (Cmax) and 
the area under the plasma concentration-time curve 
(AUC) over 24 h were higher (P < 0.001) in the 0.5% 
group (Cmax, 1.47 + 0.37 pg/mL; AUC, 1511 + 323 
ug-mL~‘-min) than those in the 0.25% group (Cmax 
0.55 + 0.22 g/mL; AUC, 680 + 118 uwg-mL “-min) 
(mean + sp). Plasma concentrations did not reach 
a plateau within 24 h, probably because of changes 
in protein binding: the degree of protein binding 
(95.9% + 1.0% vs 92.4% + 2.1%; P < 0.001) and 
plasma concentrations of a,-acid glycoprotein 
(0.72 + 0.16 g/L vs 0.57 + 0.19 g/L; P < 0.001) 
(mean + sp) were higher after 24 h than before the 
initial bolus injection. On the basis of this study, we 
recommend the use of the 0.25% solution for inter- 
pleural blockade. 

(Anesth Analg 1992;75:268~-74) 


ministration. In addition, plasma concentrations of 
bupivacaine were significantly higher after IP than 
after IC administration, sometimes reaching levels 
generally considered potentially toxic. These results 
seem to favor the use of IC blockade. However, the 
relatively short and unpredictable duration of action 
that is seen after a single IP injection can be overcome 
by a continuous IP blockade technique, with either 
intermittent bolus injections or a continuous infu- 
sion. 

Experience to date with continuous IP blockade is 
limited. Optimal dosage schemes, providing ade- 
quate postoperative analgesia and at the same time 
avoiding potentially toxic plasma concentrations of 
bupivacaine, have not been established. Therefore 
we compared the clinical effects and plasma concen- 
tration profiles after administration of a bolus dose of 


©1992 by the Intemational Anesthesia Research Society 
0003-2999/92/$5.00 


ANESTH ANALG 
1992;75:268-74 


either a 0.25% or 0.5% bupivacaine solution, followed 
by a 23-h continuous infusion of the same solution, in 
patients undergoing a cholecystectomy or renal sur- 
gery with a flank incision. 


Methods 


The study was approved by the Committee on Med- 
ical Ethics of the Leiden University Hospital. Twenty 
consenting adult patients ranging in age from 20 to 
65 yr and of ASA physical status I and H who had 
undergone renal surgery with a flank incision or a 
cholecystectomy (subcostal incision) were enrolled in 
the study. Patients with a history of traumatic or 
spontaneous pneumothorax, hemothorax, pleuritis 
with or without fibrosis, bullous emphysema, and 
allergy to local anesthetics were excluded from the 
study. Contraindications also included a history of 
drug abuse (precluding patient-controlled analgesia 
[PCA]). The patients were randomly assigned to one 
of two study groups to receive either 0.25% bupiv- 
acaine with epinephrine (5 ug/mL) (IP bupi 0.25%, 
n = 10) or 0.5% bupivacaine with epinephrine 
(5 pg/mL) (IP bupi 0.5%, n = 10). The PCA system 
was explained to the patients during the preoperative 
rounds. 

The patients received premedication with tem- 
azepam (20 mg) and anesthetic induction with thio- 
pental and succinylcholine for tracheal intubation. 
Anesthesia was maintained with fentanyl (0.1 mg) 
every 30 min, pancuronium, and enflurane in a 
nitrous oxide/oxygen (66% :33%) mixture. 

After induction of general anesthesia, a 16-gauge 
catheter was introduced in the right jugular vein for 
central venous blood sampling. After closure of the 
surgical incision but before extubation, the patients 
were turned to the lateral decubitus position with the 
operated side uppermost, and ribs 12-8 were identi- 
fied. A 16-gauge Tuohy needle with a freely moving 
air-filled glass syringe (5 mL) was then introduced 
into the IP space 10 cm from the posterior midline 
through the eighth or ninth IC space just above the 
rib. Technical details of the technique have been 
described elsewhere (2,5). After insertion and fixation 
of the catheter, patients were turned to the supine 
position and general anesthesia was terminated. 

The degree of postoperative pain was evaluated by 
means of a visual analogue (VAS) scale for pain score 
at 10-min intervals. The VAS ranged from 0 (no pain) 
to 10 cm (excruciating pain). Postoperative pain relief 
was initiated in the recovery room when patients had 
VAS scores >4. Subsequently, a test dose of 3 mL of 
the study solution (0.25% or 0.5% bupivacaine with 
15 ug of epinephrine) was injected. Two minutes 
later, in the absence of symptoms indicative of an 
intravascular injection, 18 mL of either 0.25% or 0.5% 
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bupivacaine with epinephrine (5 wg/mL) was injected 
in a double-blind fashion (t = 0). One hour after the 
bolus injection, a continuous infusion of 5 mL/h of 
the test solution (bupivacaine 0.25% or 0.5%) was 
started. At the same time, PCA with morphine was 
started (PCA setting: bolus dose 3 mg; lockout period 
25 min; no continuous infusion; morphine concentra- 
tion 1 mg/mL). 

The VAS scores and the number of dermatomes 
analgesic to pinprick were determined 2, 5, 10, 15, 20, 
25, 30, 45 min and 1, 2, 3, 4, 6, 8, and 24 h after the 
initiation of pain treatment. Total PCA morphine use 
during the first 24 h was recorded. A bedside pulmo- 
nary function monitor was used to perform pulmo- 
nary function tests. The forced vital capacity (FVC) 
and forced expiratory volume in 1 s (FEV,) were 
recorded on the day before surgery (in the absence of 
any pain), just before initiation of pain relief, and 
after 1, 6, and 24 h with the patient in a 30° 
semiseated position. The mean value of three assess- 
ments was recorded. 

Central venous blood samples (5 mL) were col- 
lected before and 5, 10, 15, 20, 25, 30, 45, 60, 90, 120, 
180, 240, 360, 480, 720, 960, 1200, and 1440 min after 
administration of bupivacaine. Plasma was obtained 
by centrifugation and stored at —20°C awaiting anal- 
ysis. 

The degree of protein binding of bupivacaine was 
determined in plasma samples collected before and 
24 h after IP administration with equilibrium dialysis 
at 37°C (6). To this end, the sample collected before 
administration was spiked with 700 ng/mL of bupiv- 
acaine. 

Concentrations of bupivacaine in 0.5-mL samples 
of plasma or dialysate were determined by capillary 
gas chromatography as described previously (7) with 
a few modifications: the HP 5890A gas chromato- 
graph (Hewlett Packard, Palo Alto, Calif.) was 
equipped with a wall-coated open-tubular (WCOT) 
fused-silica column, length 12.5 m, internal diameter 
0.32 mm, stationary phase: CP wax 57CB 
(Chrompack, Middelburg, The Netherlands), film 
thickness 0.2 um, a nitrogen-selective detector, anda 
falling-needie solid injection system (Chrompack). 
Helium (4.5 mL/min) was used as the carrier gas. The 
temperatures of the oven, injection port, and detector 
were 215°, 300°, and 300°C, respectively. The reten- 
tion times of bupivacaine and its n-pentyl homo- 
logue, which was used as the internal standard, were 
2.6 and 3.2 min, respectively. The detection limit was 
<1 ng/mL, and the coefficient of variation in the 
range of concentrations encountered in this study did 
not exceed 5%. 

Concentrations of a,-acid glycoprotein and albu- 
min in plasma samples collected before and 24 h after 
administration of bupivacaine were determined by 


270 REGIONAL ANESTHESIA AND PAIN MANAGEMENT 
INTERPLEURAL BUPIVACAINE: 0.25% VS 0.5% 


rate nephelometry with the Beckman Array Protein 
System (Beckman Instruments Inc., Fullerton, Calif.). 

Statistical analysis of frequently collected serial 
data (VAS scores, number of blocked dermatomes, 
plasma concentrations) was done by analysis of rele- 
vant summary parameters derived from the raw data 
(8). 

Areas under the VAS score-time curves (AUC) and 
under the number of blocked dermatomes-time curves 
over the first 8 h (AUC, ,) and under the plasma 
concentration-time curves over 24 h (AUC, 54) were 
determined with the trapezoidal rule. 

Demographic data (age, weight, height), duration 
of surgery, and morphine requirements over 24 h 
were analyzed -by the two-sample t-test. The Fisher 
exact test was used for comparison of frequencies 
(gender, ASA classification). 

The VAS scores before the initiation of pain treat- 
ment, the time to onset of pain relief (from initiation 
of pain treatment until a VAS score S2 was obtained), 
AUC, under the VAS score-time curves, and VAS 
scores 24 h after initiation of pain treatment were 
analyzed with the Mann-Whitney U test, as were the 
AUC, , under the number of blocked dermatomes- 
time curves and the number of blocked dermatomes 
24 h after initiation of pain treatment. 

Preoperative FVC and FEV, data were analyzed by 
the two-sample t-test. Postoperative FYC and FEV, 
data were analyzed with repeated measures analysis 
of variance, followed by the Newman-Keuls test. 

Peak plasma concentrations (Cmax) the times at 
which they were reached (tnax) and AUC, », under 
the plasma concentration-time curves were analyzed 
with the two-sample t-test. Percents of protein bind- 
ing and plasma protein concentrations in samples 
collected before and 24 h after initiation of IP block- 
ade were compared with the paired-sample t-test. 

Data are presented as mean + sp, median (range), 
or frequencies; P < 0.05 was considered statistically 


significant. 
Results 


No significant differences in patient characteristics 
existed between the groups (Table 1). One patient in 
each group had undergone renal surgery with a right 
flank incision; the remaining patients had undergone 
a cholecystectomy. 

The median (range) number of analgesic der- 
matomes gradually increased during the first hour to 
4 (3-7) dermatomes in the IP bupi 0.25% group and 6 
(3-8) dermatomes in the IP bupi 0.5% group. In the IP 
bupi 0.25% group, the median number of blocked 
dermatomes showed an additional increase to 5.5 
(3-8) dermatomes at 8 h. In the IP bupi 0.5% group, 
the median number of blocked dermatomes remained 


VAN KLEFF ET AL. 


ANESTH ANALG 
1992;75:268-74 


Table 1. Patient Characteristics and Duration of Surgery 


IP bupi 0.25% IP bupi 0.5% 
group 

(n = 10) (n = 10) 
Age (yr) 41 + 10 41 +14 
Weight (kg) 74+ 8 77 + 16 
Height (cm) 173 + 8 172 + 8 
Gender (M/F) 4/6 4/6 
ASA physical status (I/II) 8/2 37 
Duration of surgery (min) 106 + 54 121 + 37 


IP bupi, interpleural bupivacaine; M, male; F, female. 
Data are mean + sp or proportions, as appropriate. 


VAS Score 
fen) 





240 300 360 420 480 


O 60 120 180 


Time (min) 
Figure 1. Median visual analogue scale (VAS) scores versus time 
over the first 8 h in the IP bupivacaine 0.25% (circles) and 0.5% 
(triangles) groups. 


constant between 1 and 8 h. The AUC,, values 
were somewhat smaller in the IP bupi 0.25% group 
(median 40, range 23-53 dermatomes-h) than in the 
IP bupi 0.5% group (median 47, range 31-59 
dermatomes-h; P < 0.05). The number of blocked 
dermatomes after 24 h also was smaller in the IP bupi 
0.25% group (median 4, range 2-6 dermatomes) than 
in the IP bupi 0.5% group (median 7, range 0-8 
dermatomes; P < 0.005). 

Median VAS scores over the first 8 h are shown in 
Figure 1. Derived data are presented in Table 2. The 
VAS scores before the initiation of pain relief, onset 
time to VAS score =2, AUC,, values, and VAS 
scores after 24 h were not different between the 
groups. The PCA morphine requirements over the 
first 24 h also did not differ between the groups (Table 
2). 

Preoperative FVC and FEV, values were compara- 
ble in the two groups. Preoperative values of FVC 
were 3.41 + 0.95 L in the IP bupi 0.25% group and 
3.38 + 0.42 L in the IP bupi 0.5% group. The 
corresponding values of FEV, were 2.74 + 0.79 L and 
2.79 + 0.52 L, respectively. Postoperative FVC and 
FEV, data over time, expressed as percent of the 


ANESTH 
1992;75:268-74 


Table 2. Patient-Controlled Analgesia Morphine 


Requirements and Visual Analogue Scale (VAS) Scores 


IP bupi 0.25% IP bupi 0.5% 


group group 
(n = 10) (n = 10) 
Morphine requirement (mg/24h) 21.3 + 14.6 21.0 + 16.0 
VAS score 
Initial VAS score (cm) 7.0 (5-10) 7.8 (4-10) 
Onset time to VAS =2 (min) 30 (5-120) 25 (5-480) 
AUCs (cm-h) 15 (2-32) 5 (2-28) 
VAS score after 24 h (cm) 3.8 (0-6) 0.5 (0-8.5) 


ee bopi; D adele bupivacaine; AUC, g, area under the VAS score- 
first 


8 h after initiation of pain relief. 


eee es © ela teres) ort sa 
“VAS score just before the initiation of pain i 


Table 3. Forced Vital Capacity (FVC) and Forced 
Expiratory Volume in 1 s (FEV,) Before (t = 0) and 1, 6, 
and 24 h After Initiation of Pain Relief 
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IP bupi 0.25% IP bupi 0.5% 
Time group group 
(h) (n = 10) (n = 10) 
FVC 
0 36 + 19 33 + 15 
1 48 + 22" 56 + 15* 
6 46 + 15° 47 + 14" 
24 43 + 15° 56 + 15° 
FEV, 
0 34 + 16 31 + 15 
1 47 + 22" 57 + 18° 
6 47 + 15° 49 + 10° 
24 45 + 14° 58 + 18* 
IP bupi, interpleural bupivacaine. 


Data (mean + sp) are expressed as percent of the preoperative values. 
“Difference with value before initiation of pain relief (t = 0), P < 0.05. 


preoperative values, are presented in Table 3. The 
FVC and FEV, versus time profiles were similar in 
both groups. A significant improvement was ob- 
served 1 h after the bolus injection (P < 0.05). 
Thereafter, FVC and FEV, did not change with time 
(6 and 24 h). 

Mean plasma concentrations as a function of time 
are shown in Fi 2. Pharmacokinetic data are 
presented in Table 4. Peak plasma concentrations 
(Chag in the IP bupi 0.5% group were significantly 
higher than those in the IP bupi 0.25% group. Peak 
plasma concentrations were attained at the same time 
in both groups. The AUC, », values were approxi- 
mately twice as high after IP bupivacaine 0.5% than 
after IP bupivacaine 0.25% administration. Peak 
plasma concentrations, and AUCs normalized for 
dose were similar in both IP study groups. Although 
the IP infusion was continued for 24 h, plasma 
concentrations did not reach a steady-state level. 

In all patients receiving IP blockade with bupiv- 


VAN KLEFF ET AL. 271 


INTERPLEURAL BUPIVACAINE: 0.25% VS 0.5% 


Plasma concentration (ug/ml) 





O 240 480 720 960 1200 1440 


Time (mind 


Figure 2. Mean plasma concentrations versus time over 24 h in the 
IP bupivacaine 0.25% (circles) and 0.5% (triangles) groups. 


Table 4. Pharmacokinetic Variables in the Two 
Study Groups 


IP bupi 0.25% IP bupi 0.5% 
group group 

Variable (n = 10) (n = 10) 
Cex (g/mL) 0.55 + 0.22 1.47 + 0.37" 

tnax (min) 17.5 + 6.8 16.7 + 6.6 

AUC, 24 680 + 118 1511 + 323* 
(ug-mL~?-min) 

IP bupi, interpleural bupivacaine; Cmax central venous peak plasma 
concentrations; tnax peak times; AUC, .,, area under the 


ese er ae 


m de between interpleural bupivacaine 0.25% and 0.5% groups; 
<U. i 

acaine, the de of protein binding was higher after 
24 h (95.9% + 1.0%) than before the administration of 
bupivacaine (92.4% + 2.1%; P < 0.001). Plasma 
concentrations of a,-acid glycoprotein were also 
higher (0.72 + 0.16 g/L vs 0.57 + 0.19 g/L; P < 0.001), 
whereas albumin concentrations were lower (29.4 + 
3.7 g/L vs 33.7 + 2.8 g/L; P < 0.001) after 24 h than 
before the initial bolus injection. 


Discussion 


Interpleural analgesia, first described in 1986 (9), has 
since rapidly captured the imagination of various 
groups as a major anesthetic technique (10). In ongo- 
ing research, different groups have studied the site of 
neural blockade (11) and have compared nerve block 
characteristics after IP administration of bupivacaine 
with those obtained after intercostal (5,12) or epidural 
blockade (1}. There is also continued debate on the 
optimal dosage, volume, and concentration of the 
local anesthetic solution that on the one hand will 
result in reliable pain relief and on the other hand will 
not result m (potentially) toxic plasma concentra- 
tions. 
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The present study compared in a double-blind 
fashion two continuous IP regimens, using either 
0.25% or 0.5% bupivacaine with epinephrine. The 
efficacy of IP blockade was determined with VAS 
scores and supplemental morphine requirements. 
The PCA morphine consumption is often used as a 
means of quantifying the efficacy of other analgesic 
regimens. A distinct advantage is that patients are 
offered an alternative should the evaluated regimen 
not offer adequate analgesia; however, the optimal 
PCA settings in such studies have not been estab- 
lished (13). In three other studies, where PCA was 
included to evaluate the efficacy of IP blockade 
(3,14,15), bolus dosages and lockout intervals were 
1-2 mg with lockout times of 3-5 min, with a maxi- 
mum PCA morphine dosage of 10 mg/h in one study 
(3). Although our PCA setting was aimed at main- 
taining an acceptable level of analgesia with minimal 
sedation and side effects, one may criticize this regi- 
men as being conservative; however, the actual need 
for supplemental PCA dosages was far below the 
maximum dosage (174 mg) that patients were al- 
lowed during the study period. 

Until now, in studies focusing on IP postchole- 
cystectomy pain relief for periods varying from 24 
to 48 h, bolus regimes of 0.5% bupivacaine (every 
4-6 h) have been used predominantly (4,14,16). In 
an open study by Laurito et al. (15), it was shown 
that continuous IP infusion of 0.25% bupivacaine 
(0.125 mL-kg™*:h~*) during 24 h after cholecystec- 
tomy provides safer and more effective postoperative 
pain relief than intermittent IP injection of 0.5% 
bupivacaine (0.4 mL/kg) every 6 h. The present study 
compared (in a double-blind setup) the efficacy of 
continuous IP blockade with either 0.25% or 0.5% 
bupivacaine given as a bolus injection followed by a 
continuous infusion during 24 h. Both regimes re- 
sulted in rapid and effective pain relief. 

Our findings and those by Laurito et al. (15) refute 
statements made by other investigators (14) that 
continuous IP infusion techniques may be less effec- 
tive than intermittent IP bolus injections in relieving 
postcholecystectomy pain. In fact, morphine require- 
ments in patients receiving IP blockade in this study 
(IP bupi 0.25% group: 21.3 + 14.6 mg; IP bupi 0.5% 
group: 21.0 + 16.0 mg) were similar to those reported 
by Lee et al. (14) who used injections of 20 mL of 0.5% 
bupivacaine every 4 h (mean 21.6 mg). The latter 
study showed a comparable reduction in PCA mor- 
phine requirements and in VAS scores compared 
with patients given morphine only. In the study by 
Laurito et al. (15), the PCA morphine requirement 
averaged 23 + 5 mg in patients receiving a continu- 
ous infusion regimen of 0.25% bupivacaine. Among 
the patients receiving bolus injections of 0.5% bupiv- 
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acaine, PCA morphine averaged 30 + 15 mg during 
the 24-h study period. 

Although several studies including the present 
one have demonstrated the efficacy of prolonged IP 
blockade in reducing the intensity of postcholecystec- 
tomy pain, supplementary PCA requirement is still of 
considerable magnitude (4,14-16). One possible ex- 
planation may be that patients often experience pain 
on the contralateral side, even when the surgeon did 
not cross the midline with the skin incision. A con- 
tributing factor may be that different nerve pathways 
are involved in the innervation of the upper abdo- 
men, including phrenic, somatic, and visceral nerve 
afferents, some of which may not be blocked. 

The improvement in pulmonary function observed 
1 h after initiation of IP blockade in this study is 
consistent with observations reported by others 
(3,4,14,17). This observed improvement is probably 
related to the effective postoperative pain relief. Dur- 
ing prolonged IP blockade, further improvements in 
pulmonary function after 1 h are either absent (this 
study) or insignificant (14,16). A detailed interpreta- 
tion of the time-course of FVC and FEV, is hampered 
by factors such as the effects of surgery and of 
interpleurally administered local anesthetics (3,18) 
and the depressant effects of opioids, which may all 
influence pulmonary function. 

One concern with any regional anesthetic tech- 
nique requiring large doses of local anesthetic is the 
potential of these agents to elicit systemic toxicity 
(19). Estimates of the threshold plasma concentra- 
tions of bupivacaine associated with central nervous 
system toxicity in humans vary from 2 to 4 ug/mL 
(20). Plasma concentrations measured after IP injec- 
tion of bupivacaine vary widely among studies, but 
several investigators have reported peak plasma con- 
centrations that exceeded 2 ug/mL in at least some of 
their patients (5,21-23). Similar high plasma concen- 
trations have also been obtained during prolonged 
continuous infusion of bupivacaine in patients after 
thoracotomy (24) and during intermittent bolus injec- 
tions after cholecystectomy (14). These figures indi- 
cate that the margin of safety with IP administration 
of local anesthetics is small, so that potentially toxic 
doses should be avoided. 

The peak central venous plasma concentrations 
measured in the present study are similar to those 
measured by Strémskag et al. (2) who reported peak 
plasma concentrations of 0.62 + 0.25 ug/mL and 1.20 
+ 0.44 pe/mL after single-dose administration of 
20 mL of 0.25% and 0.5% bupivacaine, respectively. 
Peak times obtained in both studies were also similar; 
however, in a previous study (5) we measured con- 
siderably higher plasma concentrations after admin- 
istration of a single dose of bupivacaine (21 mL of 
0.5% bupivacaine with epinephrine 1:200,000). In 
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that study, measured mean peak plasma concentra- 
tions of bupivacaine were 2.07 + 0.53 pg/mL in 
arterial plasma and 1.86 + 0.45 ug/mL in central 
venous plasma compared with 1.47 + 0.37 ug/mL in 
central venous plasma in the present study. A major 
difference in the design of both studies is that in the 
previous study, bupivacaine was administered in the 
operating room after completion of surgery but with 
the patients still under general anesthesia, whereas in 
both the present study and that of Str6émskag et al. 
(2), injections were given during the recovery period. 
The results of the present study are therefore consis- 
tent with our previous suggestion that changes in 
cardiac output and local perfusion in patients experi- 
encing pain may affect the absorption or disposition 
of local anesthetics, or both and therefore the plasma 
concentrations. In our opinion, injection of the local 
anesthetic during surgery is the method of choice 
because it will prevent rather than treat the onset of 
postoperative pain. Potentially toxic effects (in partic- 
ular, on the central nervous system) of the resulting 
higher plasma concentrations will be negated by the 
(residual) effects of general anesthesia. However, 
these suggestions should be interpreted with caution 
and warrant further investigation. 

Although in the present study infusions of bupiv- 
acaine were maintained for 24 h, plasma concentrations 
of bupivacaine did not reach a plateau. This is probably 
related to the observed increase in the degree of protein 
binding of bupivacaine. In human plasma, two classes 
of binding sites for bupivacaine can be distinguished: 
high-affinity, low-capacity sites on @,-acid glycoprotein 
and low-affinity, high-capacity sites, mainly on albumin 
(25). In the concentration range encountered in this 
study, bupivacaine is mainly bound to a,-acid glyco- 
protein. The observed increase in the protein binding of 
bupivacaine with time may therefore be attributed to 
the marked increase in the plasma concentration of this 
protein. Although the plasma concentration of albumin 
decreases with time, the fractional decrease is smaller 
than the fractional increase in the concentration of 
a,-acid glycoprotein, and, consequently, the influence 
on the total degree of protein binding will be negligible. 

In conclusion, this study shows that continuous IP 
infusion of bupivacaine provides adequate pain relief 
after cholecystectomy or lumbotomy. Although der- 
matomal spread of analgesia to pinprick is slightly 
higher after administration of a 0.5% bupivacaine 
solution, the administration of a 0.25% bupivacaine 
solution results in comparable clinical effects insofar 
as pain relief and restoration of pulmonary function 
are concerned. Given the lower plasma concentra- 
tions after administration of the 0.25% solution com- 
pared with the 0.5% solution, we recommend use of 
the more dilute solution. 
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Background 


infrequently in literature familiar to anesthesi- 

ologists (14). Reports of compartment syn- 
dromes following vascular punctures in patients re- 
ceiving anticoagulant therapy (5,6), plus recent 
allegations by plaintiffs that patient positioning can 
be a factor in causing postoperative compartment 
syndromes, establish a need to review the patho- 
physiology of compartmental ischemia and develop 
perspectives for the anesthesiologist. 

Matsen (7) defined a compartment syndrome as a 
condition “in which the circulation and function of 
tissues within a closed space are compromised by 
increased pressure within that space.” Dense osseo- 
fascial planes in extremities establish relatively un- 
yielding boundaries that compartmentalize groups of 
muscles, nerves, and blood vessels. Blood flow 
through such a compartment can be disturbed by 
remote perfusion failure (vascular obstruction or sys- 
temic hypotension) or by increases in resistance to 
flow within the compartment itself (Table 1). Com- 
partmental resistance may be increased by (a) an 
external application of pressure that decreases the 
effective size of the compartment and compresses its 
contents or (b) by an enlarged mass of compartment 
contents that crowds against rigid walls and elevates 
tissue pressure within the space. If compartmental 
ischemia is prolonged, it eventually initiates the se- 
quence of events listed in Table 2. Neural dysfunction 
and muscle injury follow. Usually, prompt surgical 
decompression of the affected compartments is the 
only means of minimizing the functional impairment 
and structural damage of their contents. 

Remote perfusion failure (Table 1) disrupts driving 
pressure whether due to systemic hypotension or 
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some form of vascular obstruction distant from the 
affected compartments. Reperfusion, after the resto- 
ration of systemic pressure or the relief of obstruc- 
tion, extravasates vascular contents through newly 
defective walls of the microcirculation, elevating com- 
partment pressure. Perler and associates (8) believe 
that oxygen-derived free radicals, generated from 
xanthine oxidase during reperfusion, are the factors 
that damage the microvasculature. Patman (9) has 
reviewed compartment syndromes associated with 
peripheral vascular surgery. | 

Direct compartmental injuries are frequently asso- 
ciated with fractures, surgery, and multiple trauma. 
However, a wide range of other causes can elevate 
compartmental pressures (7) (Table 1). Tight dress- 
ings, tight surgical closure of fascial defects, or local- 
ized external pressure can decrease compartment 
size. Body parts, resting either against each other or 
upon a supporting object for protracted periods, may 
provide enough local external pressure to initiate the 
syndrome (10). Increases in the mass of compartment 
contents can result from elevated capillary pressure, 
low oncotic pressures, increased capillary permeabil- 
ity, trauma, bleeding, exercise of hypertrophic mus- 
cles, or infiltrated infusions. 

In the presence of systemic normotension, Rene- 
man (11) found that tissue pressures in normal com- 
partments of the supine lower leg ranged from 9 to 
15 mm Hg. In two instances of unilateral anterior 
compartment syndromes, one patient had a tissue 
pressure of 45 mm Hg in the hypertensive leg com- 
partment and in the other patient the pathologic 
value was 67 mm Hg (11). Whitesides et al. (12) 
considered the normal mean arterial pressure in the 
microcirculation to be in the same range as systemic 
diastolic pressure and concluded that ischemia may 
begin at tissue pressures that are 10-30 mm Hg less 
than diastolic. Ashton (13) found that tissue circula- 
tion stopped when compressive compartmental pres- 
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Table 1. Causes of Compartmental Ischemia 


I. Remote Perfusion Failure 
A. Vascular obstruction 
B. Systemic hypotension 
Il. Increased Compartmental Resistance 
A. Decrease in compartment size 
1. Constriction by tight dressings or casts 
2. Tight repair of surgical wounds 
3. Local pressure 
B. Increase in compartment volume 
1. Bleeding and coagulopathies 
2. Increased capillary permeability 
a. Reperfusion edema (postischemic swelling) 
b. Exercise (seizures and eclampsia) 
c. Trauma and burns 
d. Intraarterial drugs 
3. Increased capillary pressure 
a. Exercise 
b. Venous obstruction 
4. Decreased oncotic pressure 
5. Infiltrated infusions 


6. Muscle hypertrophy 
Modiried from Matsen FA. Clin Orthop 1975;113:8. 


Table 2, Stages of Compartmental Ischemia 


. Hypexic disruption of capillary boundaries 

. Escape of intravascular contents into adjacent tissues 

. Swelling (edema) of compartmental contents 

Increasing compartmental pressure and perfusion impairment 
Worsening ischemia and tissue necrosis 

Myoglobinuria and renal damage 

Severe fluid and electrolyte upsets 

. Local and systemic infection 

. Remote organ compromise or failure 


WON AW M U Nm 


sures reached 64 mm Hg in the forearm or 55 mm Hg 
in the calf.’ Systemic hypotension or arterial spasm 
reduced the magnitude of tissue pressure increases 
needed to impair perfusion. Elevation of a limb 
containing compartments with increased pressures 
can reduce arterial pressure sufficiently to arrest 
circulation in the affected compartments (14). 

Total ischemia has been used experimentally to 
show that: 


1. Neural abnormalities (paresthesias and hypesthe- 
sias) begin after about 30 min of ischemia and 
irreversible functional loss occurs if ischemia ex- 
ceeds about 12 h (7,15,16) 

2. Muscle changes begin after about 2 h, become 
irreversible after 4 h, and result in contractures 
after about 12 h (7,17) 

3. Permeability of capillary endothelium increases 
after about 3 h of experimental total ischemia (7) 

4. About 4 h of. ischemia produces myoglobinuria 
that reaches its maximum after 3 h of reperfusion 
and may continue for 12 h (7,18). 
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Because partial perfusion exists in most clinical situ- 
ations, the times required to produce changes in 
human tissue structure and function may be unpre- 
dictably longer than values quoted for total cessation 
of circulation in animals. 

As the major dynamics of ischemia occur in af- 
fected tissues at the level of the microcirculation, 
pulses in peripheral vessels, as well as capillary refill 
in skin and nail beds, are frequently normal despite 
the clinical presence of a compartment syndrome in 
that extremity (7). When muscle necrosis is found at 
fasciotomy, its degree indicates grossly the extent 
and duration of ischemia. It may also correlate with 
the subsequent hardships of convalescence and the 
severity of residual dysfunction. 

Compartment syndromes have been recognized in 
the shoulder, forearm, hand, buttocks, and lower leg. 
Physical signs depend on the structures involved and 
include sensory loss, muscle weakness, painful pas- 
sive movement, and local tissue distention. Early 
decompression decreases postischemic swelling, tis- 
sue devitalization, and the likelihood of infection. 
Compartment pressure elevations lasting longer than 
12 h have been associated with chronic functional 
defects, including sensory changes, motor weakness, 
and eventual contractures (19). 


Vascular Punctures and Compartment 
Syndromes 


Halpern et al. (5) have reported a compartment 
syndrome of the forearm that occurred after multiple 
attempts to obtain a blood sample for blood gas 
determination from a radial artery of a patient who 
had received chronic anticoagulant therapy. Neviaser 
and associates (6) described seven anticoagulated 
patients in whom brachial artery punctures for ob- 
taining blood gas samples were followed by compart- 
ment syndromes in the forearm. Awareness that 
vascular punctures or cannulation can leak volume 
sufficient to elevate interstitial pressure (Table 1) and 
produce a compartment syndrome is essential when 
anesthetizing anticoagulated patients. 

Irritating compounds, injected in or about vessels, 
have been associated with compartment syndromes. 
Bortolussi et al. (3) report an antecubital administra- 
tion of diazepam that was followed by a compartment 
syndrome of the forearm. Surgical inspection of the 
brachial artery in the antecubital area showed no 
discernible puncture wound. Dry gangrene of the 
digits resulted despite surgical decompression. Dopp- 
ler evidence of radial and ulnar arterial flow was 
present during the compartment syndrome. 
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Table 3. Traits of an “Axillary” Roll 


1. Thick and noncompressible enough to raise the chest wall off of 
the surface of the operating table and free the down-side 
shoulder girdle from medial pressure 

2. Wide enough to distribute its elevating pressure across the area 
of several ribs 

3. Long enough to support the entire anteroposterior expanse of 
the down-side lateral chest wall 

4. Placed just caudad to the axilla to avoid compression of axillary 
neurovascular contents 


Patient Positioning and Compartment 
Syndromes 


Upper Extremity 


Shoulder. Nambisan and Karakousis (20) describe a 
young adult patient who remained in the left lateral 
decubitus position for 9 h during removal of a tumor 
from thoracic vertebrae. Toward the end of the pro- 
cedure, the position was gradually converted to the 
semiprone, apparently without dorsal relocation of 
the down-side arm (21). When the patient was sub- 
sequently turned supine, the left (down-side) shoul- 
der and adjacent neck were found to be extensively 
swollen. The left arm and hand were not involved, 
the quality of the radial pulse was good, and the 
patient could move the fingers. The blood pressure 
cuff had not been applied to the left arm and no 
attempts were made to use the left arm, subclavicular 
area, or neck for intravascular lines. By the following 
morning the swelling of the shoulder had become 
massive and the left arm and hand were immobile 
and numb. Emergency surgical decompression of the 
area was accomplished. Sensation and movement in 
the hand and forearm returned by the following day. 
Swelling of the shoulder subsided within several 
weeks and 1 yr later all functions of the shoulder, 
arm, and hand were again normal. 

An “axillary” roll had been placed under the 
medial wall of the down-side axilla when the lateral 
position was established. Apparently the roll was 
either too thin to elevate the chest wall sufficiently to 
decompress the down-side shoulder or it had moved 
far enough cephalad in the axilla to have compressed 
axillary structures. Severe circumduction of the 
shoulder during the semiprone position may also 
have led to the ensuing compartment syndrome by 
compromising perfusion of the shoulder area. 

Careful attention should be paid to the character- 
istics (Table 3) of the axillary roll when the lateral 
position is established. A stack of wrinkle-free folded 
towels or sheets usually suffices. Terry cloth bath 
towels should be avoided as supporting rolls because 
their rough surfaces may injure the skin at the points 
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of contact. Reusable plastic lifts often become com- 
pressible and soon fail as supports. 

When the lateral position is shifted to semiprone, 
the down-side arm should not be allowed to be 
seriously circumducted across the ventral chest wall 
lest its suprascapular nerve be stretched enough to 
produce postoperative shoulder pain (22). A conve- 
nient choice is to locate the down-side arm along- 
side, and slightly dorsal to, the semiprone trunk (21) 
with the radial pulse carefully checked for sufficiency 
after posture has been finalized. 


Forearm. A century ago Richard von Volkmann 
recognized ischemic contractures of extremities after 
compression by excessively tight dressings (23). The 
entity was one of the earliest forms of what we now 
regard as a compartment syndrome. 

On the volar surface of the dense interosseous 
membrane that connects the radius and ulna run the 
anterior interosseous nerve and its associated vessels. 
The anterior interosseous nerve, a terminal branch of 
the radial nerve lacking sensory fibers, provides 
motor supply to muscles of the forearm and hand. 
Direct injuries to forearms have produced compart- 
ment syndromes and dysfunction of anterior in- 
terosseous neurovascular bundles (24). A compart- 
mentlike syndrome has been encountered in the 
forearm of a patient who had been supine during a 
general anesthetic. The tight binder retaining that 
supinated forearm on an arm board was alleged by 
the plaintiff to be compressive enough to initiate 
ischemia in the anterior interosseous compartment 
and cause an “anterior interosseous nerve syn- 
drome.” Weighed against the thousands of times 
each month that such a possibility exists in operating 
rooms in North America, the paucity of reports of 
such a complication strongly implies that the allega- 
tion in question was speculative and without merit. 
Nevertheless, such a possibility should be kept in 
mind as an arm is being well padded and retained on 
an arm board. 


Lower Extremity 


Exercise history. Intensive use of leg muscles may 
increase pressures within compartments of the leg to 
the point of compromising circulation and producing 
pain. In the acute form, the process leads to ischemic 
destruction of compartment contents. In the chronic 
syndrome, exertional pain is relieved by rest and 
recurs with additional exercise (25). The underlying 
cause is likely to be hypertrophic musculature within 
a compartment rather than a poor vascular supply to 
that compartment. Therefore, a history of recurrent 
lower leg pain with exercise should alert the anesthe- 
siologist to the possibility of abnormal perfusion of 
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Figure 1. The tuck position. Severe flexion of knees and hips can, 
angulate vessels and produce ischemia of the extremities. (Re- 
drawn with permission from Wayne SJ. The tuck position for 
lumbar disc surgery. J Bone Joint Surg 1967;49:1195. Dr. Wayne 
currently uses only a modified tuck position as reported in Wayne 
SJ. A modification of the tuck position for lumbar spine surgery. 
Clin Orthop 1984;184:212.) 


the limb and the potential for development of a 
compartment syndrome in the presence of sustained 
hypotension or extended external pressure on the leg 
during a surgical procedure. 


Prone position. Many variations of the prone posi- 
tion have been recommended as methods of avoiding’ 
pressure on the abdomen that would congest peri- 
spinal vasculature and compromise hemostasis dur- 
ing lumbar area surgery (26,27). Any prone position 
that requires ventroflexion of the lumbar spine to 
separate the spinous processes and widen the dorsal 
aspects of the intervertebral spaces renders the lower 
extremities dependent and susceptible to pooling of 
significant amounts of blood. The remedy has been to. 
apply compressive wrappings from foot to midthigh 
bilaterally before pronating the patient. If tight 
enough, the wraps fit the description of compressive 
bandages that decrease compartment size (Table 1). 
The fact that gravity aids arterial flow into the depen- 
dent wrapped areas probably preserves perfusion 
and accounts for the scarcity of reports of compart- 
mental syndromes after leg wrapping. I am aware, 
however, of several conversational anecdotes de- 
scribing wrapped legs that became ischemic after 
pronation. Care should be taken to see that the 
tension applied to the wrappings is not excessive and 
that the proximal limit of the wrap does not act as a 
tourniquet. 

An extreme degree of flexion of the knees and hips 
(Figure 1) was a component of an early kneeling 
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variety of the prone position variously known as the 
“carpenter's rule position,” the ‘“Muhammedan 
praying position,” or the “tuck position.” Reports of 
postoperative myoglobinemia leading to renal failure 
began to appear after fairly widespread use of the 
position (28,29). Although not specified at the time, 
vascular obstruction in the severely angulated in- 
guinal and/or popliteal regions undoubtedly pro- 
duced remote perfusion failure and resulted in com- 
partment syndromes in the lower extremities. 
eres the position is no longer extensively 
used. 

Recently, Aschoff and associates (30) reported two 
instances of compartment syndromes after lumbar 
disk surgery with the patients in a “genu-pectoral” 
(knee-chest) position with a pad between the Achilles 
tendon and buttocks. The result is undoubtedly 
much tighter flexion of legs on thighs than used in 
the kneeling position on an Andrews Frame. The 
ability of their pad to compress calves was not de- 
scribed. One patient was in position for slightly more 
than 3 h, the other for 4 h. In each case 12 uneventful 
postoperative hours were followed by the develop- 
ment of compartment syndromes. 


Lithotomy position. Instances of compartment syn- 
dromes have been reported to follow use of several 
versions of the lithotomy position, with emphasis 
being on the considerable length of time that the 
patient remained in the position (31-33). Each of the 
several different leg holders available presents both 
assets and problems (Figures 2 and 3). Most can 
compress extremity tissue to some degree and all can 
be elevated enough to create a potentially damaging 
perfusion gradient. The term “stirrup” should be 
abandoned because its careless jargonistic use has 
rendered it nondescriptive. 

Perhaps the least complicated holder is either a 
cloth sling that encircles the instep and heel (Figure 
2A) or a cloth boot that encases the foot. It does not 
compress extremity tissue, but the knee area is not 
stabilized against medial and lateral pressures. 

A “knee crutch” (Figure 2B) consists of an angu- 
lated metal trough that supports the popliteal fossa 
and extends a short distance cephalad on the dorsal 
thigh and caudad on the calf. The entire foot and the 
portion of the leg that is beyond the distal edge of the 
device are unsupported. Consequently, the weight of 
the foot and lower leg can produce a leverlike action 
that compresses the calf against the distal edge of the 
holder. Its ability to compress the calf and popliteal 
fossa makes the knee crutch a questionable choice as 
a support for lengthy procedures done in the lithot- 
omy position. Recently, a trial (34) involved bilateral 
lower extremity compartment syndromes that fol- 
lowed a 10-h gynecologic procedure done with the 
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Figure 2. Varieties of lithotomy leg holders (protective padding omitted for clarity), A. Cloth slings attached to vertical “‘shepherd’s crook” 

or “candy cane.” (Cloth bootie may replace slings.) B. Knee crutch (“Bierhoff’ leg holder). C. Calf rest. D. Calf rest for elevated limb while 

injured extremity is in surgical traction. [Figures modified with permission from Martin JT, ed. Positioning in anesthesia and surgery. 2nd 
m 


ed. Philadelphia: WB Saunders, 1987: (A) 
and (D) from Figure 18-4 on page 227.] 


patient in this type of leg holder. Now under litiga- 
tion from the same institution is a similar problem 
that was previously reported by Adler and associates 
(33). Leff and Shapiro (35) warned against use of the 
knee crutch leg holder in extended procedures. 

In the device depicted in Figure 2C, the calf rests in 
a semicylindrical trough and bears the complete 
weight of the lower extremity. The unit is used often 
for prolonged low lithotomy positioning. It is not free 
of the potential for significant compression of the calf 
if the extremity is heavy or if the contained limb is 
used as an arm rest by a standing member of the 
surgical team. 

A variant of this arrangement supports the ele- 
vated limb of a patient in the hemilithotomy position 
on a fracture table (Figure 2D). Two patients devel- 
oped compartment syndromes in the elevated limb 
after being in the hemilithotomy position for in- 
tramedullary nailing of the femur for 5.5 and 6.0 h, 
respectively (36). 

A foot holder resembles the plantar and dorsal 
halves of a ski boot with its proximal end flared 
somewhat (Figure 3A). With this device the weight of 
the extremity is borne by the holding boot, which 


Figure 8-1 on page 58, (B) from Figure 7-2 on page 54, (C) from Figure 12-4 on page 120, 


needs careful padding between its interior and the 
heel and sole of the patient’s foot. Despite the firmly 
held limb, no pressure is placed on the popliteal fossa 
and almost none is placed against the distal calf. This 
unit obviously requires an intact skeleton in the 
contained extremity. 

A popular device combines the knee crutch (Figure 
2B) and the foot holder (Figure 3A) above by using a 
telescoping rod to connect the knee crutch and the 
foot holder Figures 3B, C). It allows good distribu- 
tion of the weight of the extremity in the holder as 
well as. suitable adjustments of its components to fit 
the dimensions of the patient. Nevertheless, the 
device still does not obviate the potential for com- 
pression of the popliteal fossa and upper calf by the 
weight of the supported limb. It may be the holder of 
choice for the exaggerated lithotomy position (Figure 
3C), as its firm support of the elevated extremities 
stabilizes the position of the symphysis pubis for 
perineal access to retropubic structures. 

A modification of a fabric-covered arm frame has 
provided a soft sling to support most of the lower leg. 
The proximal end of the frame is widened somewhat 
and the unit is usually encased in a tubular “stock- 
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Figure 3. Varieties of lithotomy leg holders (continued) (protective padding omitted for clarity). A. Semiboot foot holder that frees Po 
fossa and bulk of calf from pressure. B. Knee-crutch-and-boot, distributing weight of extremity between popliteal fossa, calf, and foot 
C. Knee-crutch-and-boot in exaggerated lithotomy position to firmly retain leg and stabilize tilted pelvis. (Figures modified with permission 
from: (A) Illustration of item 10001 in brochure of Allen Medical Systems, Bedford Heights, Ohio; (B) Figure 6-4 in Martin JT, ed. 
Positioning in anesthesia and surgery. 2nd ed. Philadelphia: WB Saunders, 1987:45; (C) Figure 7-3 in Martin JT, ed. Positioning in 
anesthesia and surgery. 2nd ed. Philadelphia: WB Saunders, 1987:55.) 


inette.” It distributes the weight of the extremity over 
the posterolateral surface of the abducted and exter- 
nally rotated limb (37). . 

Recently, an elderly gentleman, who had a 
stenotic carotid artery, intermittent claudication, hy- 
pertension on medication, and an old history of a 
coronary artery bypass procedure that was followed 
by an angioplasty of a lower extremity, developed a 
pelvic tumor that needed an extensive abdomino- 
pelvic resection. All of the monitors required to 
control his cardiovascular status during and after the 
operation were placed before an uncomplicated in- 
duction of combined general and epidural anesthesia. 
His legs were wrapped with compressive dressings to 
“prevent pooling of blood,” then further wrapped 
into padded leg holders (probably the type shown in 
Figure 3C) for the low lithotomy position, and the 
table was tilted about 15° head down. The difficult 


surgical procedure lasted approximately 10 h. Hypo- 
tension that followed the induction of anesthesia was 
allowed to continue during the first 4 h to minimize 
surgical bleeding. Otherwise, the monitoring and 
management of the anesthetic was thoughtful and 
excellent. Twelve hours after anesthesia, compart- 
ment syndromes were recognized in both lower ex- 
tremities. Fasciotomies were performed and subse- 
quently needed revision. Muscle necrosis was 
extensive. After a stormy, septic 5-mo postoperative 
course that included renal and pulmonary failure, he 
suffered a sudden cardiac arrest from which he could 
not be resuscitated. 

By retrospective calculation, the final operative 
position placed his feet about 20 in. above the level of 
his heart (Figure 4). In the presence of systemic 
arteriosclerosis and treated hypertension, the driving 
pressure needed to perfuse sclerotic vessels in his 
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Figure 4. Calculated effects of gravity on perfusion pressure in elevated lower extremities. Pressures vary 2 mm Hg per vertical inch 
(2.5 cm) (38). (Mean arterial pressure [MAP] estimated as 0.33 [SBP — DBP] + DBP, where SBP = systolic blood pressure and DBP = 
diastolic blood pressure.) Rectangle displays effects of systemic hypotension on calculated perfusion pressure in distal calves. Sclerotic 
vessels and external pressures from leg rests or leg wrappings would increase the ischemic potential. (Note: the elevated single leg in the 
hemilithotomy position [Figure 2D] would be about 18-20 in. above heart level with MAP at the calf being approximately 36-40 mm Hg 


papas Pe MAP.) 


legs was increased by (a) compressive leg bandages, 
(b) the uphill gradient to his legs in low lithotomy, 
(c) additional wrappings to secure his legs in the 
holders, and (d) adding head-down tilt to the lithot- 
omy position. During the hypotensive period, 
arterial blood pressure (MAP) at the heart ranged 
between 55 and 63 mm Hg. Simultaneously, because 
MAP varies 2 mm per vertical inch (38), the MAP in 
the elevated, wrapped calves (Figure 4) would have 
hovered around 20 mm Hg in structures accustomed 
to the chronically high MAP of hypertension. Vaso- 
dilation from epidural anesthesia was probably not a 
useful factor in aiding leg perfusion because of the 
simultaneous presence of external compression from 
the leg wrappings. A significant issue was the 10 or 
more hours of lithotomy position. Extensive myo- 
necrosis at fasciotomy indicated that the perfusion 
deficit in affected compartments had been severe and 
lengthy. 

Varying opinions exist about the ability of postop- 
erative analgesia to impede recognition of a compart- 
ment syndrome. Based on evidence that was open to 


serious question and involved only one patient, . 


Strecker and associates (39) asserted that a continu- 
ous infusion of epidural bupivacaine for postopera- 
tive analgesia masked the development of compart- 
ment syndrome pain in a leg from which a donor 
bone graft had been taken. While that syndrome was 
induced by invasive surgery and not by patient 
posture, their implication indicted epidural analgesia 
in all compartment syndromes. Recently, by contrast, 
Montgomery and Ready (4) reported two patients in 


whom, after use of the lithotomy position for pro- 
longed genitourinary procedures under combined 
general anesthesia and epidural lidocaine, unilateral 
compartment syndromes requiring fasciotomies were 
“readily diagnosed” despite the presence of other- 
wise effective postoperative epidural morphine anal- 
gesia accomplished by intermittent injection of func- 
tioning catheters. Reinjecting the catheters did not 
relieve the development of excessive limb pain in 
either of their patients, suggesting a sympathetic 
perivascular pathway for the pain. When the poten- 
tial for a compartment syndrome exists, they recom- 
mend a high index of suspicion plus vigilant clinical 
evaluation to detect its onset and institute treatment. 
Additional experience is needed to resolve the con- 
troversy, but data holding epidural analgesia respon- 
sible for obscuring the diagnosis of a compartment 
syndrome are sparse and the evidence is flimsy at 
best. 


Perspectives 


Because the entity of compartment syndromes still 
may be unfamiliar to some practitioners who require 
use of the lithotomy position (32), the anesthesiolo- 
gist should bear in mind the following consider- 
ations: 


1. The duration of lithotomy position is apparently a 
matter of concern. Compartment syndromes have 
been associated with several different types of leg 
holders when lithotomy position time has ex- 
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ceeded about 5 h (31-34). Long procedures that 
require lithotomy for only a part of the operation 
can often be planned so that either much of the 
procedure can take place before establishment of 
lithotomy or the patient’s position can be changed 
to an alternative posture for the balance of the 
operation when lithotomy is no longer needed. 

. For a prolonged procedure, a leg support that 
allows pressure either in the popliteal fossa or on 
the calf should be avoided despite seemingly ad- 
equate padding. An exception is the necessary use 
of present models of fracture tables with the 
hemilithotomy position; however, the table man- 
ufacturers should be asked to make design modi- 
fications in the holder for the elevated leg so that 
the calf is freed from compression. 

Use of the popliteal support, or knee crutch, 
which allows the lever action of an unsupported 
foot to intensify the pressure of the distal lip of the 
_ crutch on the patient’s calf, should be limited to 
brief procedures and the crutch must always be 
very carefully padded. 

- Throughout the procedure, blood pressure should 
be maintained carefully within ranges that are 
normal for that patient. Loss of driving pressure 
for blood flow in elevated extremities allows com- 
partmental ischemia to occur at lesser levels of 
increased .compartment pressure. Hypotension 
used to conserve blood loss and replacement in 
the multiple-trauma patient may intensify existing 
vascular injuries in extremities. The risks posed by 
” vasoconstrictor drugs that increase peripheral re- 
sistance and decrease compartment blood flow 
should be borne in mind. Of major importance are 
the warnings of Matsen (7) and Ashton (13) that, 
once a compartment syndrome has been diag- 
nosed, elevating the involved extremity in an 
attempt to promote venous drainage only lowers 
driving pressure into that limb and further dimin- 
ishes perfusion of its tight compartments. 

. Wrapping elevated legs to prevent blood from 
pooling therein is thoughtless and counterproduc- 
tive. 

. Detecting the onset of compartment syndromes 
during anesthesia is apt to be impossible. Distal 
pulses in an extremity, as well as capillary refill in 
the ipsilateral nail beds, remain essentially un- 
changed despite the development of the syn- 
drome. Reperfusion is needed to produce the 
tissue edema that initiates a compartment syn- 
drome; usually this adds a time factor to the 
development of the syndrome that may extend its 
earliest recognition to well beyond the termination 
of anesthesia. Thus, measuring compartmental 
tissue pressures during anesthesia and surgery 
may be neither practical nor informative. More 
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prompt indicators of an incipient compartment 
syndrome should be sought as experience accu- 
mulates. 

6. The choice of anesthesia for lengthy procedures to 
be done in the lithotomy position has little bearing 
on the potential for diagnosis of a compartment 
syndrome at or after the end of the case. Recent 
evidence (4) indicates that postoperative epidural 
analgesia did not prevent early recognition of the 
development of the syndrome. 


Data about the association of compartment syn- 
dromes with vascular punctures and patient position- 
ing are sparse, anecdotal, and not susceptible to 
statistical analysis. However, published reports and 
recent litigation confirm distinct hazards reliably 
enough to compel attention. Although compartment 
syndromes associated with anesthesiologic maneu- 
vers are admirably infrequent, they do occur. The 
uncomfortable conclusion is that some may be pre- 
ventable. Familiarity with the circumstances that en- 
courage development of a compartment syndrome 
will allow the anesthesiologist to cooperate effectively 
with other members of the surgical team in avoiding 
this distressing cause of major postoperative morbid- 


ity. 
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Seizures Occurring in Pediatric Patients Receiving 
Continuous Infusion of Bupivacaine 
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ontinuous infusion of local anesthetics 

through regional techniques has recently 

gained popularity for the treatment of postop- 
erative pain; however, information on the appropri- 
ate safe and effective doses and infusion rates for use 
in children is still limited. The following two case 
reports illustrate bupivacaine toxicity manifested by 
seizures in the absence of cardiovascular problems 
caused by the cumulative effect of a continuous 
infusion. Although different sites (intrapleural in case 
1 and epidural in case 2) were used, the blood levels 
at the time of the seizures are remarkably similar. 


Case 1 


A 3-yr-old, 9.4kg girl with a history of chronic 
interstitial lung disease was scheduled for a diagnos- 
tic right middle lobe lung biopsy. Preoperatively, her 
physical examination was significant for mild respi- 
ratory distress with peripheral clubbing, cyanosis, 
and diffuse telangiectatic skin lesions. While breath- 
ing 2 L/min oxygen via nasal cannula, oxygen satu- 
ration was 95%. The Paco, was normal, and she had 
no history of carbon dioxide retention. Chest radio- 
graph demonstrated a chronic interstitial pulmonary 
process., 

In the operating room, room air oxygen saturation 
was measured at 88%. The procedure was performed 
during general anesthesia with oxygen, nitrous ox- 


ide, and isoflurane. Before closure of the thoracot- 


omy, the surgeon placed an intrapleural catheter 
under direct vision, positioning it posteriorly from 
the incision site. The internal end was loosely sutured 
in place to prevent migration of the catheter tip. The 
trachea was extubated in the operating room, and she 
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was then taken to the postanesthesia care unit, where 
she was given oxygen by face shield and her heart 
rate, respiratory rate, arterial blood pressure, and 
oxygen saturation were monitored. She received 
2.5 mL of 0.25% bupivacaine (0.66 mg/kg) with 
1:200,000 epinephrine via the intrapleural catheter 
with good pain relief within 10 min. She did not 
experience any cardiovascular or neurologic changes. 

A continuous infusion of 0.25% bupivacaine with- 
out epinephrine at a rate of 0.1 mL-kg™*:h™? (0.25 mg: 
kg~*-h~?) was started in the intensive care unit 1 h 
after the initial bolus dose. Five hours later, the 
infusion rate was increased to 0.2 mL-kg~*-h~* (0.5 mg 
kg~*-h~’) after the patient complained of pain local- 
ized to the incision site. The infusion remained at this 
rate for the next 16 h. She was closely monitored 
during this time and noted by the nurses to be very 
calm, quiet, easy to care for, and apparently pain 
free. Twenty-one hours after the start of the infusion, 
she had two tonic-clonic seizures, each lasting 20-40 s 
within 3-4 min of each other. Each seizure was 
followed by increased lethargy. Her vital signs, in- 
cluding respiratory rate and oxygen saturation, re- 
mained stable throughout these events, and there 
was no evidence of hypoxia or postictal apnea. There 
were no changes in her electrocardiogram before or 
after her seizures. The infusion was promptly discon- 
tinued and the intrapleural catheter removed. The 
patient received 100 mg of phenobarbital intrave- 
nously and had no further recurrence of seizures. 
Blood samples sent for analysis of electrolytes, cal- 
cium, magnesium, glucose, and bupivacaine concen- 
tration were normal except for a bupivacaine level of 
5.6 pg/mL. | 

The lung biopsy revealed evidence of multiple 
angiomas and arteriovenous malformations. The re- 
mainder of her hospital course was uneventful. 


Case 2 


This patient was a 9-yr-old, 26-kg girl with a history 
of cerebral palsy after premature birth at 28 wk, 
scheduled for a selective dorsal rhizotomy. Her 
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symptoms at the time of surgery consisted of pro- 
found spasticity of the lower extremities that pre- 
vented ambulation. She was of normal intelligence 
and had no other medical problems. 

An uneventful anesthetic was induced and main- 
tained with oxygen, nitrous oxide, and halothane by 
inhalation. An epidural catheter was introduced via 
the caudal route, then advanced without difficulty to 
approximately the L-1 area. During the surgical pro- 
cedure, on exposure of the dura, the surgeon identi- 
fied and confirmed the position of the catheter at L-1. 
After an 11-h procedure, the patient’s endotracheal 
tube was removed in the operating room, and she 
was taken to the postanesthesia care unit. Her initial 
complaint of pain was treated with 0.5 mL/kg of 
0.25% (1.25 mg/kg) bupivacaine with 1:200,000 epi- 
nephrine. There was no evidence of intravascular or 
intrathecal injection. A continuous infusion of 0.25% 
bupivacaine with 1:200,000 epinephrine was initiated 
at the rate of 0.5 mL-kg™'-h~? (1.25 mg-kg~?-h~’). 
She was monitored in the intensive care unit for the 
first 24 h, then transferred to the ward where her 
electrocardiogram was continuously monitored. 
Other vital signs (respiratory rate, blood pressure) 
were checked every 4 h. On the third postoperative 
day, 56 h after the start of the infusion, the patient 
had a total of three tonic-clonic seizures, each lasting 
<30 s. As with the previous case, her blood pressure, 
respiratory rate, heart rate, and electrocardiogram 
remained stable throughout, and she had no evi- 
dence of postictal apnea. The patient had reported a 
“falling” or “tumbling” sensation several hours be- 
fore the seizures but had otherwise been noted by the 
nurses to be exceptionally calm and free of com- 
plaints preceding the onset of the seizures. The 
infusion was stopped immediately after the first 
seizure. The second seizure occurred 2 h later and 
was treated by half a loading dose of phenobarbital. 
The third seizure occurred 30 min after the second 
and was treated by completing the loading dose of 
phenobarbital. A blood sample drawn after the first 
seizure was analyzed for multiple variables and was 
normal except for a bupivacaine level of 5.4 ug/mL. 
She had no further seizures, and the rest of her 
hospital course was uneventful. 


Discussion 

Continuous infusions of bupivacaine by both the 
intrapleural and epidural routes have been shown to 
be safe and effective for managing postoperative pain 
in pediatric patients (1,2). Systemic toxicity from 
bupivacaine infusions with associated venous con- 


centrations has not been previously reported in chil- 
dren. 
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The plasma level of bupivacaine associated with 
central nervous system toxicity in adults has been 
estimated to be 4 ug/mL (3); however, Scott (4) 
suggests that the absolute toxic plasma concentration 
may be more dependent on the rate of increase than 
on any exact concentration, with the higher absolute 
levels tolerated when the rate of increase is slow. 
Mcllvaine et al. (1) reported several patients with 
levels >4 pg/mL and one child with a plasma bupiv- 
acaine level >7 pg/mL who had no evidence of 
central nervous system toxicity. However, some of 
these patients had received diazepam in the first 24 
postoperative hours, which may have masked central 
nervous system toxicity. 

Patients receiving infusions of bupivacaine may be 
at an increased risk for developing systemic toxicity 
because of the pharmacokinetics of bupivacaine. Burm 
et al. (5) used a stable isotope method to investigate the 
pharmacokinetics of lidocaine and bupivacaine after 
epidural and subarachnoid administration in healthy 
adults. They showed that both local anesthetics under- 
went biphasic absorption, regardless of route of admin- 
istration. The initial absorption rates for lidocaine and 
bupivacaine were similar; however, the slow absorp- 
tion phase was much longer for bupivacaine. This 
would seem to indicate that there is a potential for 
accumulation of bupivacaine in plasma during pro- 
longed infusion. Desparmet and colleagues (2) in a 
study of six children receiving continuous epidural 
infusions of 0.25% at a rate of 0.08 mL-kg™*-h™* 
(0.2 mg-kg~‘-h7*) for 48 h found that there was no 
significant increase in the plasma levels during the 
course of the infusion. Plasma levels ranged between 
0.2 and 1.2 g/mL; however, there was considerable 
interpatient variability. McIlvaine and associates (1), 
on the other hand, did find evidence of accumulation 
in patients treated with intrapleural infusion of 0.5- 
1.0 mL-kg~*-h™* of 0.25% bupivacaine for 24 h. 

Recommendations for dose limits may be implied 
from the work of Desparmet et al. (2) and McIlvaine 
et al. (1). The latter used, and recommended, a higher 
limit of 0.5-1 mL-kg~*-h~* of 0.25% bupivacaine with 
1:200,000 epinephrine (1.25-2.5 mg-kg™'-h7}), Al- 
though none of their patients showed signs of sys- 
temic toxicity, the plasma bupivacaine concentrations 
exceeded the recommended peak concentrations for 
adults (whether this peak concentration is different in 
children is unknown). They suggest an infusion rate 
not to exceed 0.5 mL-kg™*-h~* (1.25 mg-kg™*-h7’) 
0.25% bupivacaine. Neither of the patients in these 
case reports was receiving infusion rates in excess of 
that suggested by McIlvaine et al. (1). The first 
patient’s lung biopsy revealed the presence of multi- 
ple angiomas and arteriovenous malformations that 
may have contributed to increased systemic absorp- 
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tion. The second patient had had her dura incised 
and repaired, which could have altered the rate of 
systemic absorption. The similar blood levels of 5.4 
and 5.6 ug/mL were measured at the onset of the 
seizure activity. | 

These patients’ prodromal warning signs are con- 
spicuous for the absence of those usually described 
- with acute toxicity (such as numbness of legs and 
tongue, tinnitus, nystagmus, dysphoria, lighthead- 
edness, shivering, muscular twitching, feelings of 
impending doom or death). Perhaps the most notable 
observations are that while not appearing markedly 
obtunded, the patients were quiet, restful, and did 
not initiate spontaneous communication. It is there- 
fore important to talk to the verbal child frequently to 
elicit these early premonitory signs. Fortunately, there 


„was no evidence of cardiovascular instability—no ` 


_dysrhythmia or hypotension, as has commonly been 
described accompanying central nervous system 
toxicity with bupivacaine. 

In summary, two cases of bupivacaine toxicity 
during extended continuous infusions are described. 


1992:75:284-6. 


i Improved communication with the patients may have | 


allowed earlier detection of- toxicity. These cases’ 


-~ demonstrate the need for further prospective critical 


evaluation of the proper dosage for effective and safe 
postoperative pain control using infusion of local 
anesthetics by various routes. 
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New MIVACRON 


The firstand only shor 


Duration of action and 
spontaneous recovery protile 
approximately one-third to 
one-half that of intermediate 
agents such as atracurium 

or vecuronium 


Profound 
neuromus- 
cular block 





Recommended initial adult dose 

The recommended initial adult bolus dose 
of 0.15 mg/kg (administered over 5 to 15 seconds) 
provides profound neuromuscular block. 


Generally 
good to 

excellent 
intubating 
conditions 





Useful for routine intubation 
MIVACRON provides generally good to 
excellent intubating conditions in 2.5 minutes at a 
dose of 0.15 mg/kg. Succinylcholine remains the 
drug of choice for rapid sequence intubation. 


Short 
duration of 
action 





Well-suited for short procedures 

Duration of clinically effective block (time to 
25% recovery of T1) following injection of 0.15 mg/kg 
is 16 minutes, making MIVACRON excellent for 
short procedures.’ 


from Burroughs Wellcome Co. 


cting nondepolarizer 


Reduce spontaneous recovery time 
dy up to 50% vs vecuronium 


Duration of 
continuous infusion 


(min) Off-25%* 


Recovery times (min) 
25-75%  5-95% 





ecuronium 96.8466  127+H13t 13.8+0.9t 32.0+1.2t8 
9 


n=18) 
tracurium 91.3+2.9  12.5+0.6T 10.9+0.31 26.6+0.4t 
n=22) 


a NET 
dapted, from Ali et al, p. 544.2 *Time from discontinuation of infusion to 25% re- 


overy. 'P<0.01 atracurium or vecuronium vs MIVACRON; #P<0.001 vecuronium 
s MIVACRON:; $P<0.05 vecuronium vs atracurium. 


{oncumulative 

Continuous infusion of MIVACRON for up 
) 2.9 hours is not associated with the development 
f tachyphylaxis or cumulative neuromuscular 
locking effects in ASA Physical Status I-II patients. 
teady-state levels of block are rapidly achieved with 
linimal adjustment to the infusion rate. Limited data 
re available on MIVACRON (a mixture of three 
;omers) for infusions longer than 2.5 hours. 


New 








Savarese et al found... 
Fast recovery following bolus 
or infusion 


100 0.10 mg/kg === 0.15mg/kg — 


Infusion === 


TWITCH HEIGHT (% of control) 





0 5 10 15 20 25 30 35 40 90 95 100 105 
TIME (Min) AFTER START OF ADMINISTRATION 


Adapted from Savarese et al, p. 727.3 


MII VACRON zaim 
(mivacurium chloride) 
Short duration, fast recovery 


Please see full prescribing information for MIVACRON® and brief summary for Tracrium® (atracurium besylate) following this ad. 


New MIVACRON 


Up to half the duratior 


Excellent cardiovascular 
profile at recommended doses 


% of patients with > 30% changes 
MIVACRON 


oe MAP HR 
Initial Dose* -—— 
(mg/kg) 4 T 4 T 
0.20! 30% 0% 0% 8% 


0.25! 39% 2% 0% 14% 


“During opioid/N,0/0, anesthesia. 
‘Experimental dose, in excess of the maximum recommended dose of 
0.15 mg/kg. 


Minimal CV effects 

At the recommended initial dose of 
0.15 mg/kg, cardiovascular response to MIVACRON 
is minimal. Higher doses may produce effects 
associated with histamine release and may result in 
a decrease in blood pressure in some individuals. 
The incidence and magnitude of these hemodynamic 
changes are related to size of the dose and speed of 
the injection. In patients with clinically significant 
CV disease, the initial dose of MIVACRON should 
be administered over 60 seconds. 


Metabolized by 


plasma cholinesterase 

Like succinylcholine, MIVACRON should 
be used with caution in patients with reduced 
plasma cholinesterase activity. In patients hetero- 
zygous for the atypical plasma cholinesterase gene, 
clinically effective duration may be prolonged by 
approximately 10 minutes. Homozygous patients 
(1 in 2500) are extremely sensitive to MIVACRON. 
MIVACRON should be used with great caution, if 
at all, in homozygous patients. 

However, unlike succinylcholine, once 
recovery has begun, MIVACRON can be reversed 
with conventional doses of neostigmine. 


Individualization of dosages 
> Significant CV disease 
> Obesity 
> Renal or hepatic disease 
» History suggesting greater sensitivity 


to release of histamine or related 
mediators 


from Burroughs Wellcome Co. 


naif tne recovery time 


\ nondepolarizing alternative to Plus... 





succinylcholine for elective > For use by bolus or infusion 
dutpatient surgery » Ready-to-use solution 

Timeto — Timeto > Room temperature storage 

max. bloc recovery 0 i i i 
n o (min)*  T=10% (min)* > Available in 5 mL and 10 mL vials 

uccinylcholine (2 mg/mL) and 50 mL premixed 
1.0 mg/kg 9 1.1+0.2 (1414 infusion bags (0.5 mg /mL) 
dapted from Caldwell et al, p.395.! *P<0.05 succinylcholine vs MIVACRON. 1.Caldwell JE, Heier T, Kitts JB, Lynam DP, Fahey MR, Miller RD. Comparison of 


the neuromuscular block induced by mivacurium, suxamethonium or atracurium 
‘aldwell et al concluded... during nitrous oxide-fentany! anaesthesia. Br J Anaesth. 1989;63:393-399. 

2. Ali HH, Savarese JJ, Embree PB, et al. Clinical pharmacology of mivacurium 

chloride (BW B1090U) infusion: comparison with vecuronium and atracurium. 


in those clinical situations in which Br J Anaesth. 1988;61:541-546 

3. Savarese JJ, Ali HH, Basta SJ, et al. The clinical neuromuscular pharmacology 
‘ANI | | of mivacurium chloride (BW B1090U): a short-acting nondepolarizing ester 
apid onsel of action IS not required, neuromuscular blocking drug. Anesthesiology. 1988;68: 723-732. 


nivacurium is an alternative to [succinyl- 
‘holine] for production of profound neu- 
omuscular block of short duration. "°° 


New 

MIVACRO Nea 
(mivacurium chloride) 

short duration, fast recovery 


Please see full prescribing information for MIVACRON” and brief ns for Tracrium” (atracurium besylate) following this ad. 





MIVACRON?® INJECTION 


MIVACRON PREMIXED INFUSION 
(MIVACURIUM CHLORIDE) 


This drug should be administered oniy by adequately irained individuals familar with its actions, characteristics, 
and hazards. 


DEBCRIPTION: MIVACRON (mivacuriam chloride) is a nondepolarizing skeletal muscle relaxant 
for intravenous sdininistration. Mivacurium chiorde fs [AH A*,A*{8]}-2,2--4(1 ,8-dloxo~4-octane-1,8-diyfiblefoxy- 
3,1-propanediy{) jbief 1 ,2,3,4-teirahydeo-6,7-dimethoxy-2-metin-1-((3,4,5-11 ] 
dichloride. The molecular formula is CathoCeNzO1, and the molecular weight is 1100.18. The structural formula 


The parion coefficient of the compound is 0.015 in a t-octenolidistilied water system at 25°C. 
Mivacurium chloride is a midure of three stersolsomers: (17, T'A, 2S, 2°S), the franstrens dosier, (177, TR, 
2R, Z'S, the cis-rans dorar, and (19, TR, 2A, Z A, the dach diester. Tho kane-tans and cis-tans Harsoleomers 
comprise 82% to 88% of mivacurtum chloride and their neuromuscular blocking potencies ars not signiiicantly 
diferent from each other or from mbvecurtum chiorida. The cis-cis dinates has been estimated from studies in 
cats to have one-tenth fhe neuromuscular blocking potency of the other two sterscaisomers. 

MIVACRON Injection fs a sterile, non-pyrogenic solution (pH 3.5 to 6.0) containing mivecurium chloride 
equivalent to 2 moimi. mivacurium in Water for Injection. Hydrochloric acid may have bean added to adjust pH. 
MIVACRON Premixed Infusion ia a sterile, non-pyrogenic solution (pH 3.5 to 5.0; 260 mOsma¥L-measured) 
containing mivacurium chioride equivalent to 0.5 mg/mL mivacurium in 5% Dextrose Injection USP. Hydrochloric 
acid may have been added to adjust pH. 

CLINICAL PHARMACOLOGY: MIVACHON (a mixture of three stereoisomers) binds competitively to 
cholinergic receptors on tha motor end-plate to antagonize the action of acetyichofina, reeutting'in a block af 
heuromtuecciar trarsmseion. This action is antagonized by acstyichodinastenree Inhibiors, such as necstigmine. 
Pharmacodynamics: The time fo maxinum neuromuscular block is simier for recommended doses of 
MIVAGHON and intermediate-acting agents (e.g., atracurium), but longer then for the 

agent, The cdimiceliy effective duration of ection of the siereolsomers in MIVACRON (a 
mixture of free stereoisomers) fs one-third to ona-half that of Intermoadiaie-acfing agents and 2 to 2.5 fimes 
that of succinyicholine. 

The average EDes (dose required to produce 96% supprassion af the adductor pollicis muscie taich response 
to ulnar narve stimuiaiion} of MIVACRON fs 0.07 mgtkg (range: 0.06 to 0.09) in adults receiving opiok#nitrous 
orddefoxygen anesthesia. The phamacodynamics of doses of MIVACRON 2EDes administered ower 5 to 15 seconds 
during oploidfitrous codderfoxygen anesthesia are summarized in Table 1. The mam tme for sporimecus recovery 
of the twiich response from 26% to 75% of control amplitude is about 6 minutes (range: 3 to 9, n=32) 
folowing an intial dose of 0.15 mg/kg MIVACRON and 7 to 8 minutes (renga: 4 $0 24, n=85) following Initial 
dosos of 0.20 or 0.25 mg'kg MIVACRON. 

Volatile anesthetics may decrease the dosing requirement for MIVACRON and prolong the duration of 
action; the magnitude of these effects may be Increased as the concentration of the volatile agent Is 
increased, Loflurane and enflurane (administered with nitrous oxidevoxygen to achieve 1.25 MAC [Minimum 
Alveolar Concentration) may decrease the effective dese of MIVACRON by as much as 25%, and may prolong 
tha clinically effective duration of action and decrease the average Infusion requirement by'as much as 
35% to 40%. At equivalent MAC values, halothane has ittie or no atfact on the EDs of MIVACRON, but may 
prolong the duration of action and decrease the average infusion requirement by as much as 20% (ses 
Individualiaatton of Dosages subsaction of CLINICAL PHARMACOLOGY and Drug Interaction subsection 
of PRECAUTIONS). 


Table 1 
Pharmacodynamic Doss Reeponse During Opici¥ Nitrous Oxide/Oxygen Ansethsele 


Time to Spontaneous Recovery’ 


TdT 
5% 25% 85% Ratio 
Recovery | Recovery’ | Recovery’ | 275% 
{min) (min) (min) (min) 
11 13 


Chikiren 2 to 12 Years 
0.11t00.12  fn=17] 


0.20 [n=18] 
0.25 {Fn} 


Values shown are medians of means from Individual studies (range of individual patient valuas}. 

2Ciinically olfective duration of neuromuscular block. 

eta avaliable far as few as 40% of adults in specific dese groupe and for 22% of children In the 0.20 mg/kg 
dose group due to administration of reversal agents or additional doses of MIVACRON prior to 95% 
fecovary or TaT: ratio recovery to 275%. 


Admintstartion of MIVACRON over 60 seconds does not aller the time to maximum neuromuscular block or the 
duration of action. The duraiion of action of the stereoisomers in MIVACRON may be prolonged In patients with 
reduced plasma cholinesterase (pseudocholinesterass) activity (see Reduced Plasma Cholinesterase 
Activity subsection of PRECAUTIONS and Individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY). i 

Interpefient variability In duration of action occurs with MIVACRON as with other neuromuscular blocking 
However, analysis of data from 224 patients in clinical studies receiving various doses of MIVACRON during 
opicid/nitrous oxida/oxygen anesthesia with a variety of pramedicants and varying lengths of surgery 
indicated that approximately 90% of the patients had clinically effective durations at block within 8 minutes of 





the median duration predictad from the dose-response data shown In Tabla 1. Vartations in plasma 
choinestarses activity, Including values within fhe nommel range and values as low as 20% below the lover Emit 
of the nomal ranga, were not associated with clinically significant effects on duration. The vartabiity in duraiion, 
however, was greater in petfonts with plasma cholinesterase activity at or slightly below the lower imi of the 
normal nange. 
A dose of 0.15 mg/kg (2 x EDs) MIVACRON administered during the induction of 
oxidefoxygen ansethesia produced good-to-exceient conditions for tracheal intubation In 25 
minutes. Dosos of 0.20 and 0.25 mg/kg {3 and 3.5 x EDes} yiskded similar conditions in 2.0 minutes. 
Repested adminisiration of maintenance doses or continuous infusion of MIVACRON jor up io 2.5 hours iz not 
aseociated with development of tachyphylands or cumulative neuromuscular blocking eflects in ASA Physical 
Status Hi pellents. Limied data are avaliable fram patients sacetving infusions for longer than 2.5 hours. Spontaneous 
recovery of neuromuscular function after infusion is independent of the duration of infusion and comparable 
to recovery reported for single doses (Table 1}. 
The neuromuscular block produced by the stereoisomers In MIVACRON |s readily antagonized by antichotinestarase 
agents. As seen with other nondepolarizing neuromuscular blocking agents, the more profound the 
neuromuscutar block at the time of reversal, the longer the fime and the graater the dosa of anticholinestarase 
agent required for recovery of neuromuscular function. 
In children (2 to 12 years), MIVACRON hae a higher EDss (0.10 mg/kg), faster onset, and shorter duration of 
action than in adults. The mean fie for spontaneous recovery of the trdich naaponae from 25% to 75% of coniral 
amplaude Is about 5 miruies (ne) following an inal dose of 0.20 maf MIVACHON. Recovery following reversal 
ts faster in chidren than in adults (Table 1). 
Hemodynamics: Administration of MIVACRON in doses up to and including 0.16 mg/kg (2 x EDs} over 5 to 
15 seconde to ASA Fhysical Status [-Il patents during oplokdnitrous oxidefoxygen anesthesia ts associated 
with minimal changes In moen arterial blood pressure (MAP) or heart rate (HF) (Table 2). 
Tabte 2 
Cardiovascular Dose Reeponee During Oploid/Nitrous Oxide/Oxygen Anesthesia 


0.07 t0 0.10 
0.15 
0.20 
0.25 


Chiidran 2 to 12 years 
0.11 to 0.12 
0.20 
0.25 





Higher doses of 20.20 mg/kg (23 x EDes) may be associated with transient decreases in MAP and Increases 
in HR in some patients. These decreases in MAP are usually meodmal within 1 to 3 minutes following the dose, 
typically resolve without treatment in an addfiional { to 3 minutes, and are usually associated with increases 
in plasma histamine concentration. Decreases in MAP can be minimized by administering MIVACRON over 
30 or 60 seconds (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY and 
General subsaction of PRECAUTIONS). 

of 428 patients in cSinical studies receiving iniia! doses of MIVACHON up to and inaluding 0.30 mg/ky 
(Le., 2 fimes the recommended intubating dose) during oploid/nitroue oxide/oxygen anesthesta showed that 
high initial doses and a rapid rate of infection contributed to a greater probability of experiencing a decrease 
of > 30% in MAP afler MIVACRON administraiion. Obese patients also had a greater probability of experiencing 
a decrease of 230% in MAP when dosed on the basis of actual body weight, hareby receiving a larger dose 
than Hf dosad on the basis of ideal body weight (see Individnalization of Dosagas subsection of CLINICAL 
PHARMACOLOGY and tha General subeection of PRECAUTIONS). 
Chikiren experience rained changes in MAP or HR after administralion of MIVACRON doses up to and including 
0.20 myky over 5 to 15 seconds, but higher doses (20.25 mg/kg) may be associated wih transient decreases 
in MAP (Table 2). 
Following a dose of 0.165 mg/kg MIVACRON administered over 60 seconds, adult patients with significant 
cardiovascular disease undergoing coronary arlery bypass grafting or valve replacement procedures showed 
no Clinically important changes in MAP or HR. Transient decroasas in MAP were obsarved in some patients 
alter dosos of 0.20 to 0.25 myrkg MIVACRON administered over 60 seconds. The number of patients in whom 
these dacreases in MAP required treaimont was smal. 
Pharmacokinetics: Table 3 describes the resufts from a study of 9 ASA Physical Status Hi adi patlents (31 
to 48 years) racaiving an infusion of MIVACRON at 5 p.g/kp‘mnin for 60 mimes followed by 10 j:q/g/min for 
60 minutes. MIVACRON Is a mbdure cf Isomers which do not interconvert in wo. The mivacurium phamacokinalic 
parameters presented in Table 3 were determined using a sterecapectic assay. The two more potent 
lsomers, cis-trans (36% of fhe mitura) and trans-trans (57% of the mixture), have very high clearances that 
exceed cardiac output reflecting the extensive metabolism by plasma cholinesterase. The volume of 
distribution fs relatively small, reflecting Gmited tissue distribution sacondary to the polartty and large 
molecules weight of mivacurium. The combinadion of high metabolio clearance and low distribution volume results 
in the short elimination hall-ile of approximately 2 minutes for the two active isomers. The short elimination hal- 
Ives and high metabolic clearances of the active Isomers are consistent with the short duration of action of 
MIVACRON. The steady-state concentrations of the cle-trans and trans-trane womera doubled after the 
Infusion rate was increased from 5 to 10 jg/kg/min, indicating that their pharmacokinetics are dose- 
proportions. 


Table 3 
Starsotecmer Pharmacokinetic Parameters’ of MIVACRON in ASA Physical Status HA 
Acutt Patiente [n=9] During Opioid/Nitrous OxideOxygen Ansathests 





'Vadues shown are mean (range). 
2Ages 31 to 48 years. 
The cis-cts isomer (8% of the mbcture) has approximately one-tenth the neuromuscutar blocking potency of the 


trans-trans and cis-trans isomers in cats. in the nine patients shown in Table 3, the volume of distribution of 
the cis-cis isomer averaged 0.31 L/kg (range: 0.18-0.46), the clearance averaged 4.2 mL'min/kg (range: 2.4- 
5.4), and the half-life averaged 55 minutes (range: 32-102). The neuromuscular blocking potency of the cis- 
cis isomer in humans has not been established; however, modeling of clinical pharmacokinetic-pharmacodynamic 
data suggests that the cis-cis isomer produces minimal (<5%) neuromuscular block during a two-hour 
infusion. In studies in which infusions of up to 2.5 hours were administered to ASA Physical Status I+ 
patients, the 25%-75% recovery times were independent of the duration of infusion, suggesting that the cis- 
cis isomer does not contribute significant neuromuscular block during use for up to 2.5 hours. Limited data are 
availabie from infusions of longer duration or from patients with compromised elimination capacities (hepatic 
or renal failure). 

Metabolism and Excretion: Enzymatic hydrolysis by plasma cholinesterase is the primary mechanism for inactivation 
of mivacurium and yields a quatemary aicohol and a quatemary monoester metabolite. Renal and biliary excretion 
of unchanged mivacurium are minor elimination pathways; urine and bile are important elimination pathways 
for the two metabolites. Tests in which these two metabolites were administered to cats and dogs suggest that 
each metabolite is unlikely to produce clinically significant neuromuscular, autonomic, or cardiovascular 
effects following administration of MIVACRON. 


Special Populations: The pharmacokinetics of mivacurium isomers has not been studied in the elderly or in 
patients with renal or hepatic disease using a stereospecific assay. The non-stereospecific, total mivacurium 
assay used in pharmacokinetic-pharmacodynamic studies in these populations provided preliminary evidence 
that reduced clearance of one or more isomers is responsible for the longer duration of action of MIVACRON 
seen in patients with end-stage kidney or liver disease. The data did not provide a pharmacokinetic explanation 
for the 15-20% longer duration of block seen in the elderly. Tables 4 and 5 summarize the pharmacodynamic 
results in these special populations as compared with young adults (ages 18 to 49 years). No data are 
available from patients with kidney or liver disease not requiring transpiantation. 


Table 4 
Pharmacodynamic Parameters of MIVACRON in ASA Physical Status 1-1 
Young Adult Patients and Elderly Patients During isoflurane/Nitrous Oxide/Oxygen Anesthesia 
Young Adult Patients 


Initial Dose 0.10 mg/kg 
[n=] 


Elderly Patients 
(68-77 years) 


0.10 mg/kg 
[n=] 


0.25 mg/kg 
in=9] 


Maximum Block 98 100 99 
(%) {83-100} (100-100) {95-100} 
3.2 


Time to Maximum Block i t.7 4.8 
imin} (2.0-6.0) {1.3-2.5} 
Clinically Effective 

Duration of Block’ (min) 





Values shown are mean (range). 
“Time from injection to 25% recovery of the control twitch height. 


Renal: The clinically effective duration ot action of 0.15 mg/kg MIVACRON was about 1.5 times longer in patients 
with end-stage kidney disease than in healthy patients, presumably due to reduced clearance of one of more 
isomers. 


Hepatic: The clinically effective duration of action of 0.15 mg/kg MIVACRON was three times longer in 
patients with end-stage liver disease than in healthy patients and is likely related to the markedly decreased 
plasma cholinesterase activity (30% of healthy patient values} which could decrease the clearance of one or 
more isomers (see Reduced Plasma Cholinesterase Activity subsection of PRECAUTIONS). 


Table § 
Pharmacodynamic Parameters’ of MIVACRON in ASA Physical Status I-H Patients and In Patients 
Undergoing Kidney or Liver Transplantation During Isofturane/Nitrous Oxide/Oxygen Anesthesia 

















Parameter 










Young Adult 
Patients 


Kidney Transplant 
Patients 


Liver Transplant 
Patients? 





initial Dose 





0.415 mg/kg 6.15 mg/kg 3.15 mg/kg 
N=B] in=9] [n=8} 


99.8 100 160 
{98-100} (100-400) (100-100) 
1.9 2.6 2.4 
{0.8-3.5} (1.0-4.5) (1.0-4.0) 
49 30 
(13-58) 
'Values shown are mean (range). 


Time from injection to 25% recovery of the control twitch height. 
‘Liver transplant patients received isoflurane without nitrous oxide. 


ndividuatization of Dosages: DOSES OF MIVACRON SHOULD BE INDIVIDUALIZED AND A PERIPHERAL 
NERVE STIMULATOR SHOULD BE USED TO MEASURE NEUROMUSCULAR FUNCTION DURING 
MIVACRON ADMINISTRATION IN ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR 
ADDITIONAL DOSES, AND CONFIRM RECOVERY FROM NEUROMUSCULAR BLOCK. 


3ased on the known actions of MIVACRON (a mixture of three stereoisomers} and other neuromuscular blocking 
agents, the following factors should be considered when administering MIVACRON: 


Fenal or Hepatic Impairment: A dose of 0.15 mg/kg MIVACRON is recommended for facilitation o! tracheal intubation 
n patients with renal or hepatic impairment. However, the clinically effective duration of block produced by this 
lose is about 1.5 fimes longer in patients with end-stage kidney disease and about 3 times longer in patients 
vith end-stage liver disease than in patients with normal renal and hepatic function, infusion rates should be 
lecreased by as much as 50% in these patients depending on the degree of renal or hepatic impairment (see 
Jenal and Hepatic Disease subsection of PRECAUTIONS). 


teduced Plasma Cholinesterase Activity: The possibility of prolonged neuromuscular block following 
tdministration of MIVACRON must be considered in patients with reduced plasma cholinesterase 
pseudocholinesterase} activity. MIVACRON should be used with great caution, if at ail, in patients known or 
iuspected of being homozygous for the atypical plasma cholinesterase gene (see WARNINGS). Doses of 0.03 
ng/kg produced complete neuromuscular block for 26 to 128 minutes in three such patients; thus initial doses 
iteater than 0.03 mg/kg are not recommended in homozygous patients. Infusions of MIVACRON are not 
ecommended in homozygous patients. 


AIVACRON has been used safely in patients heterozygous for the atypical plasma cholinesterase gene and 
1 genotypically normal patients with reduced plasma cholinesterase activity. After recommended intubating 
oses of MIVACRON, the clinically effective duration of block in heterozygous patients may be approximately 











Maximum Block 
(°2) 






Time to Maximum Block 
(min) 







Clinically Effective 
Duration of Block’ {mir} 


10 minutes longer than in patients with normal genotype and normai plasma cholinesterase activity. Lower 
MIVACRON infusion rates are recommended in these patients (see Reduced Plasma Cholinesterase 
Activity subsection of PRECAUTIONS). 


Drugs or Conditions Causing Potentiation of or Resistance to Neuromuscular Block: As with other neuromuscular 
blocking agents, MIVACRON may have profound neuromuscular blocking effects in cachectic or debilitated patients, 
patients with neuromuscular diseases, and patients with carcinomatosis. In these or other patients in whom 
potentiation of neuromuscular block or difficulty with reversal may be anticipated, the recommended initial dose 
should be decreased. A test dose of not more than 0.015-0.020 mg/kg, which represents the lower end of the 
dose-response curve for MIVACRON, is recommended in such patients (see General subsection of 
PRECAUTIONS). 


The neuromuscular blocking action of the stereoisomers in MIVACRON is potentiated by isoflurane or 
enflurane anesthesia. The recommended initial MIVACRON dose of 0.15 mg/kg may be used for intubation prior 
to the administration of these agents. if MIVACRON is first administered after establishment of stable-state isoflurane 
or enflurane anesthesia (administered with nitrous oxide/oxygen to achieve 1.25 MAC), the initial MIVACRON 
dose should be reduced by as much as 25%, and the infusion rate reduced by as much as 35% to 40%. A greater 
potentiation of the neuromuscular blocking action of the stereoisomers in MIVACRON may be expected with 
higher concentrations of enflurane or isoflurane. The use of halothane requires no adjustment of the initial dose 
of MIVACRON, but may prolong the duration of action and decrease the average infusion rate by as much as 
20% {see Drug Interactions subsection of PRECAUTIONS). 

When MIVACRON is administered to patients receiving certain antibiotics, magnesium salts, lithium, focal anesthetics, 
procainamide and quinidine, longer durations of neuromuscular block may be expected and infusion 
requirements may be lower (see Drug interactions subsection of PRECAUTIONS). 

When MIVACRON is administered to patients chronically receiving phenytoin or carbamazepine, slightly shorter 
durations of neuromuscular block may be anticipated and infusion rate requirements may be higher (see Drug 
interactions subsection of PRECAUTIONS). 

Severe acid-base and/or electrolyte abnormalities may potentiate or cause resistance to the neuromuscular 
blocking action of the stereoisomers in MIVACRON. No data are available in such patients and no dosing 
recommendations can be made (see General subsection of PRECAUTIONS). 

Burns. While patients with burns are known to develop resistance to nondepolarizing neuromuscular blocking 
agents, they may also have reduced plasma cholinesterase activity. Corsequently, in these patients, a test dose 
of not more than 0.015-0.020 mg/kg MIVACRON is recommended, followed by additional appropriate dosing 
guided by the use of a neuromuscular block monitor (see General subsection of PRECAUTIONS). 
Cardiovascular Disease: in patients with clinically significant cardiovascular disease, the initial dose of 
MIVACRON should be 0.15 mg/kg or less, administered over 60 seconds (see Hemodynamics subsection of 
CLINICAL PHARMACOLOGY and General subsection of PRECAUTIONS). 

Obesity: Obese patients (patients weighing 230% more than their ideal body weight} dosed on the basis of actual 
body weight, thereby receiving a larger dose than if dosed on the basis of ideal body weight, had a greater probability 
of experiencing a decrease of 230% in MAP {see Hemodynamics subsection of CLINICAL PHARMACOLOGY 
and General subsection of PRECAUTIONS). Therefore, in obese patients, the initial dose should be 
determined using the patient's ideal body weight (IBW), according to the following formulae: 


Men: IBW in kg = [106 + (6 x inches in height above 5 feet)}/2.2 
Women: IBW in kg = [100 + (5 x inches in height above 5 feet)//2.2 


Allergy and Sensitivity: In patients with any history suggestive of a greater sensitivity to the release of 
histamine or related mediators {e.g.. asthma), the initial dose of MIVACRON shouid be 0.15 mg/kg or less. 
administered over 60 seconds (see General subsection of PRECAUTIONS). 


INDICATIONS AND USAGE: MIVACRON is a short-acting neuromuscular blocking agent indicated for 
inpatients and outpatients, as an adjunct to general anesthesia, to facilitate tracheal intubation and to 
provide skeletal muscle relaxation during surgery or mechanical ventilation. 


CONTRAINDICATIONS: MIVACRON is contraindicated in patients known to have an allergic hypersensitivity 
fo mivacurium chloride or other benzylisoquinolinium agents, as manifested by reactions such as urticaria or 
severe respiratory distress or hypotension. Use of MIVACRON from mult:-dose vials is contraindicated in patients 
with a known allergy to benzyl alcohol. 


WARNINGS: MIVACRON SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG'S ACTIONS 
AND THE POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS PERSONNEL AND FACILITIES FOR RESUSCITATION AND LIFE SUPPORT (TRACHEAL 
INTUBATION, ARTIFICIAL VENTILATION, OXYGEN THERAPY), AND AN ANTAGONIST OF MIVACRON ARE 
IMMEDIATELY AVAILABLE. IT IS RECOMMENDED THAT A PERIPHERAL NERVE STIMULATOR BE 
USED TO MEASURE NEUROMUSCULAR FUNCTION DURING THE ADMINISTRATION OF MIVACRON IN 
ORDER TO MONITOR DRUG EFFECT, DETERMINE THE NEED FOR ADDITIONAL DRUG, AND CONFIRM 
RECOVERY FROM NEUROMUSCULAR BLOCK, 

MIVACRON HAS NO KNOWN EFFECT ON CONSCIOUSNESS, PAIN THRESHOLD. OR CEREBRATION. TO 
AVOID DISTRESS TO THE PATIENT, NEUROMUSCULAR BLOCK SHOULD NOT BE INDUCED BEFORE 
UNCONSCIOUSNESS. 

MIVACRON iS METABOLIZED BY PLASMA CHOLINESTERASE AND SHOULD BE USED WITH GREAT 
CAUTION. iF AT ALL, IN PATIENTS KNOWN TO BE OR SUSPECTED OF BEING HOMOZYGOUS FOR THE 
ATYPICAL PLASMA CHOLINESTERASE GENE. 

MIVACRON Injection and MIVACRON Premixed Infusion are acidic (pÈ 3.5 to 5.0) and may not be compatible 
with alkaline solutions having a pH greater than 8.5 {e.g., barbiturate solutions). 


PRECAUTIONS: 


General: Aithough MIVACRON (a mixture of three stereoisomers} is not a potent histamine releaser, the possibility 
of substantial histamine release musi be considered. Release of histamine is related to the dose and speed 
of injection. 

Caution should be exercised in admiristering MIVACRON to patients with clinically significant cardiovascular 
disease and patients with any history suggesting a greater sensitivity to the release of histamine or related mediators 
(e.g. asthma). in such patients, the intial dose of MIVACRON should be 0.15 mg/kg or less, administered over 
60 seconds, assurance of adequate hydration and careful monitoring of hemodynamic status are important (see 
Hemodynamics and Individualization of Dosages subsections of CLINICAL PHARMACOLOGY}. 

Obese patients may be more likely to experience clinically significant transient decreases in MAP than non- 
obese patients when the dose of MIVACRON is based on actual rather than ideal body weight. Therefore, in 
obese patients, the initial dose should be determined using the patient's ideal body weight (see Hemodynamics 
and individualization of Dosages subsections of CLINICAL PHARMACOLOGY). 

Recommended doses of MIVACRON nave no clinically significant effects on heart rate: therefore, MIVACRON 
will not counteract the bradycardia produced by many anesthetic agents or by vagal stimulation, 
Neuromuscular blocking agents may have a profound effect in patients with neuromuscular diseases {é.g., myasthenia 
gravis and the myasthenic syndrome). in these and other conditions in which prolonged neuromuscular 
block is a possibility (e.g., carcinomatosis), the use of a peripheral nerve stimulator and a dose of not more than 
0.015-0.020 mg/kg MIVACRON is recommended to assess the level of neuromuscular block and to monitor 
dosage requirements (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY). 
MIVACRON has not been studied in patients with burns. Resistance to nondepolarizing neuromuscular 
blocking agents may develop in patierts with burns, depending upon the time elapsed since the injury and the 
size of the burn. Patients with burns may have reduced plasma cholinesterase activity which may offset this 
resistance (see Individualization of Dosages subsection of CLINICAL PHARMACOLOGY}. 

Acid-base and/or serum electrolyte abnormalities may potentiate or aniagonize the action of neuromuscular 
blocking agents. The action of neuromuscular blocking agents may be enhanced by magnesium salts 


administered for the management of toxemia of pregnancy (see Individualization of Dosages subsection of 
CLINICAL PHARMACOLOGY}. 


MV-Y03552 


No deta are available to support the ues of MIVACRON by intremuscuder Injection. 


Renel and Hepatic Diass: The posebiity of prolonged neuromuscular biock must be considered when MIVACHON 
is usad in pallens wah renal or hepalic disease (ses Pharmacokinetics subsection of CLINICAL PHARMACOLOGY). 
Most patients with chronic hepatic disease such as hepatis, liver abscess, and cirrhosis of the Iver exhibit a 
marked reduction in pasma cholinesterase activity. Patients with acute or chronic renal disease may siao show 
è reduction in plasma choknestorase activily (see Individualization of Dosages subsection of CLINICAL 
PHARMACOLOGY}. 

Reduced Pizsme Cholinesterase : The possibility of prolonged neuromuscular block following 
administration of MIVACRON must be considered in patients with reduced plasma cholinesterase 
(pecudochotinostanasa) activity. 

Plasma cholinesterase activity may be diminished In the presence of genatic abnormalities of plaama 
chofneslerase (6.7, pallents heberozygous or homozygous jor the atypical plasma cholinasiorase gene}, pregnancy, 
Ever or kidney disease, malignant tumors, irfections, bums, anania, decompensated haart disease, popie ulcer, 
or myxedema. Plasma cholinesterase activity may also be diminished by chronic administration of oral 
contraceptives, glucocorticoids, or cartain monoamine ooxddasa inhibitors and by reversible inhibitors of plasma 
chollnesterase (e.g., organophosphate insecticides, echothiophate, and cartaln antineoplastio drugs). 
MIVACRON hes been used safely in peferts hatarozygous for the atypical plasma cholinesterase gone. Al doses 
of 0.10 to 0.20 mg’ky MIVACRON, the clinically effective duralion of action was 8 fo 11 minutes longer in patients 
heterozygous for the atypical gene than in genotypically normal patients. 

As with euccinyicholine, pationis homozygous for the atypical plasma chojinestarass gane (1 In 2500 patients) 
are extremely sanallive to the neuromuscular blocking effect cf MIVACRON. In three such adukt patients, a small 
dose of 0.03 mg/kg (approximately the ED:o2s In genotypically normal patients) produced complete 
neuromuscular block for 26 to 128 minukes. Once spontenscus recovery had begun, neuromuscular block in 
thosa patlonis was antagonized with conventional doses of neostigmine. One aduk patient, who was 
homozygous for the atypica! plasma cholinestensss gene, recotwed a dosa of 0.18 mgkg MIVACRON and exhibited 
completa neuromuscular bock for about 4 hours. Response to post-tetanic stirubaiion was present after 4 hours, 
all four responses to traln-ol-four stimulation were present after 6 hours, and the patient was extubated after 
8 hours. Reversal was not attempted in this patient. 


Malignant Hyperthermia (HTH): In a study of MH-suscentibie pigs, MIVACRON did not trigger MH. MIVACRON 
hea not been studied in Wit-suscepiible patients. Because MH can develop in the absence of estebfished triggering 


agents, the clinician should be prepared to recognize and treat MH in any patient undergoing general 
anesthesia. 


Long-Term Use in the intensive Cars Unit (ICU): No data are avaliable on fhe long-term use of MIVACRON 
in patients undergoing mechanical ventBation in the ICU. 
Drug Interactions: Although MIVACRION (a mbdure of three stereoisomers) has been administered safely folowing 
succinytcholine-factittated tracheal Intubation, the Interaction between the stereoisomers in MIVACRON 
and succinyicholine has not been systematically studied. Prior administration of succinyichoiine can potentiate 
the neuromuscular blocking effects of non agents. Evidence of spontaneous recovery from 
succinyichciine shouk! be observed before the administration of MIVACRON. 
The use of MIVACRON before succinyicholine io allenuata acme of the side sffacts of succinyicholine has not 
been studied. 
There are no clinical deta on the use of MIVACRON with other nondepofarizing neuromuscutar blocking agents. 
beofurane and enfiurane (administered with nitrous oxddefoxygen to achleve 1.25 MAC) decroase the EDs of 
MIVACRON by as much as 25% (see Pharmacodynamics and individualization of Dosages subsections 
of CLINICAL PHARMACOLOGY). These agents may also prolong the clinicaly effactive duration of action and 
decrease the average infusion requirement of MIVACRON by as much as 35% to 40%. A greater potentiation 
of the neuromuscular blocking effects of the sianaaisomers in MIVACRON may be expected wih higher concentrations 
of enflurane or fsoflurane. Halothane has Kile or no affect on the EDe, but may prolong the dunsiion of action 
and decrease the average Infusion requirement by as much as 20%. 
Other drugs which may enhance the neuromuscular blocking action of nondepolarizing agente'such as the 
gleracisomers in MIVACAION Indude certain aniibiotios (6.¢., aminoglycosides, tatracycines, bactirack:, polwnyxins, 
Incomycin, cindamycin, collin, and sodium colstimethate), magnesium sail, Bhium, local anesthetics, 
and quinidine. Drugs that may enhence the neuromuscular blocking effects of mevacurium by a reduction in plasma 
cholinesterase Include chronic administration of oral contraceptives, glucocorticoids, or certain 
monoamine oxidase inhibitors and by inevrersible inhibitors of pasma cholinesterase {see Reduced Plasma 
Cholinesterase Activity subsection of PRECAUTIONS). 
Resistance to the neuromuscular blocking aciton of nondepolurizing neuromuscular blocking agents has been 
demonstrated in pattents chronically administered phenytoin or carbamazepine. While the effecta of chronic 
phenytoin or carbamazepine therapy on the action of the stareoleomers In MIVACRON are unknown, siightly 
shorter durations of neuromuscular block may be anticipajed and infusion rale requirements may be higher. 


Carcinogenesis, Mutagenesis, Impeirrnent of Fertiifty: Carcinogenesis and fortiitty studios have not been 
performed, MIVACHON was evaluated in a batiary of four short-term mutagenicity tests. H wes non-mubagenic 
in the Amos Satmoneta assay, fhe mouse lymphoma assay, the human lymphocyte assay, and the in vivo rat 
bone marrow cytogenetic assay. 

Pregnancy: Teradogenic Kffects: Pregnancy Catagory C. Teratology testing in nonventilated pragrant rats and 
mice treated subcutaneously with meodmurm subperalyzing doses of MIVACRON revealed no meternal or fetal 
toxicity or teratoganic effects. There are no adequate and well-controlled studies of MIVACRON in pregnant 
women. Because animal studies are not always predictive of human response, and the doses used were 
subparalyzing, MIVACRON should be used during pregnancy only if fhe potential benefit justifies the potential 
riek to the fetus. 

Labor and Delivery: The use of MIVAGRON during labor, vaginal delvary, or cesarean section has not been 
studied in humans and X is not known whelher MIVACRON administered to the mother haz effects on the fatus. 
Doses of 0.08 and 0.20 mg/kg MIVACRON given to female beagles undergoing cesarean section reeulted In 
negligible levels of the stereoisomers in MIVACKON in umbilical vases! blood of neonates and no deleterious 
effects on the puppies. 


Narsing others: it is not known whather any of the stersolsomaers of mivacurtum are excreted in human mik. 
Because many drugs are excrefed in humen mik, caufion should be eapscised following administration of MIVACHON 
to a nursing woman. 

Pediatric Use: MIVACRON has not bean studied in children betow the age of 2 years (see CLINICAL 
PHARMACOLOGY and DOSAGE AND ADMINISTRATION for clinical expertance and recommendations 
for use In chitdren 2 to 12 years of age). 


Geriatric Use: MIVACHON wes ardaly administered during cinical trials to 64 elderly (205 years) palanta, including 
31 pationts wiih significant carcrovescular disease (soe Genera) subsection of PRECAUTIONS). The duration 
of neuromuscular block may be slightly longer in elderly patients than in young adult patients (see CLINICAL 
PHARMACOLOGY). 
ADVERSE REACTIONS: 
Observed In Clinical Trials: MIVACRON (a mixture of three stereoksomers) was well tolerated during 
extensive cinka! trials tn inpatients and outpatients. Prolonged neuromuecular block, which le an important 
axtverse exporience associated wih neuromuscular blocking agents as a Chess, was reported as an adverse 
experience in 3 of 2074 patients administered MIVACRION. The most commonty reported adverse experience 
folowing the administration of MIVACRON was transient, dose-dependent cutansous fushing about the face, 
neck, andfor cheet. Flushing was most frequently noted alter the inifie! dose of MIVACAON and was reported 
In about 20% of adult patients who recelved tha recommended dose of 0.15 mg/kg MIVACRON over 5 to 15 
seconds. When present, Bushing typically began within 1 to 2 minutes after the dose of MIVACRON and lasted 
for 3 to 5 minutes. Of 00 patients who experienced Bushing alter 0.16 mg/kg MIVACRON, ane petient alto 
experienced mid hypotension that was not treated, and ons patient experienced moderais wheezing that was 
successiuily treated. 


Overall, hypotension was infrequently reported as an adverse experience in the clinical trials of MIVACRON, 
None of the 397 adults or 63 chikdran who received recommended doses was treated for a decrease in biood 
pressure aseociated with the administration of MIVACRON. Above the recommended dosage range, 1% to 2% 
of haalihy adults gwan 20.20 mg'kg over 5 tp 15 seconds and 256 tp 4% of cardiac surgery paflerts gwen 20.20 moka 
over 60 seconds were treated for decreases in blood pressure associated with the administration of 
MIVACRON. - 

te ee ee ee 
investigators during the clinical triats to have a possible causal relationship): __ 

Incidence Greater Than 1% - 


Cardiovascular: Flushang (15%) 

inckdence Less Than 1% - 

Cardiovascular, Hypotension, Tachycardia, Bradycardia, Cardiac Arrhythmia, Phiebttis 
Respiratory: Bronchospasm, Wheezing, Hypoxemta 

Dermatological Rash, Urticaria, Erythema, infection Site Reaction 

Nanspectic: Prolonged Drug Efect 

Naurologic: Dizziness 

Musculoskeletat Muscle Spasme 


OVERDOSAGE: Overdosage wih neuromuscular blocking agents may result in neuromuscular block beyond 
the fmo needed for sungsry and anesthesia. The primary treatment is maintenance of a pakant airway and controfied 
ventilation unti recovery of normal neuromuscular function ls assured. Once evidence of recovery from 
neuromuscular block Is observed, further recovery may be facilitated by administration of an anticholinesterase 
ager (e.g, ee ee 
Antagoniem of Neuromuscular Block). Overdosage may increase the riek of hamodynarnic side alfects, aspecialy 
decreases in blood pressure. If needed, cardiovascular support may be provided by proper positioning of the 
patient, fluld administration, andor vasopressor agent administration. 
Antagoniam of Neuromuscular Block: 

ANTAGONISTS (SUCH AS NEOSTIGMINE) SHOULD NOT BE ADMINISTERED WHEN GOMPLETE 
NEUROMUSCULAR BLOCK IS EVIDENT OR SUSPECTED. THE USE OF A PERIPHERAL NERVE STIMULATOR 
TO EVALUATE RECOVERY AND ANTAGONISM OF NEUROMUSCULAR BLOCK IS RECOMMENDED. 


Administration of 0.030 to 0.064 mg/kg necstigmine or 0.5 mg/kg edrophonium at approximately 10% 
recovery from neuromuscular block (range: 1 to 15) produced 95% recovary of the muscie twiich response and 
a Ta/T1 ratio 275% In about 10 minutes. The times from 25% recovery of the muscle twitch response to T/T} 
ratio 275% following these doses cl antagonists averaged about 7 to 9 minutes. in comparison, average times 
for spontaneous recovery from 25% to T/T: 276% wore 12 to 13 minutes. 

Patents adminkstered antagonists should be evaluated for adequate clinical evidence of antagonism, 6.9., 5- 
second haad Fi and grip strength. Ventilation must ba supported until no kangar required. 

Anlagonlem may be delayed in the prasance of deblation, carcinomatosis, and the concomitant use of cactedn 
broad spectrum antibiotics, or anesthetic agents and other drugs which enhance neuromuscular block or sapansiely 
cause respiratory depression (see Drug interactions subpection of PRECAUTIONS). Under such circumstances 
the management is the same as that of prolonged neuromuscular block (see OVERDOSAGE). 


DOSAGE AND ADMINISTRATION: MIVACRON SHOULD ONLY BE ADMINISTERED INTRAVENOUSLY. 


The dosage Information provided below Is intended as a gulde only. Doses of MIVACRON should be 
individualized (see Individuaiization of Dosages subsection of CLINICAL PHARMACOLOGY). Factors 
that may warrant dosage adjustment include but may not be limiled ic: the progence of 
or cardiovascular disease, obaslty (patients weighing 230% more than ideal body weight for height), asthma, 
reduction in plasma cholinesterasa activity, and tha presenca of inhalational anesthetic agents. The use of a 
podpheral nerve stimulator wil permit the most advantageous use of MIVACRON, minimize the posslbility of 
overdosage or undertosage, and asetat in the evaluation of recovery. 

Adults: 

initia! Doser. 

A dose of 0.15 mofkg MIVACRON administered over 5 to 15 seconds Ie recommendad for faciittation of tracheal 
Intubation for most patents. When acim inisisred as a component of a thdopentaloploid/nitrous oxidafoxygen 
Inductionintubation technique, 0.15 mg/kg (2 x EDs) MIVACRON produces generally good-to-axcellent 
condiifons for trachea! Intubation in 2.5 minutes. Lower doses of MIVACRON may reaull in a longer time for 
development of satielactory intubation condifions. Administration of MIVACRON doses above the recommended 
range (20.20 myky) is associaied with the development of transient decraases in blood pressure in some patients 
{s09 CLINICAL PHARMACOLOGY and ADVERSE REACTIONS). 

In patents wath clinically significant cardiovascular disease and in palenie with any history suggesting a greaker 
senathty to the release of histamine or other mediaiors (a.g., asthma), the dose of MIVACRON should be 0.15 mgg 
or lose, administered over 60 seconds (see PRECAUTIONS). 

Clinically elective neuromuscutar block may be expected to last for 15 to 20 minuies fange: 9 fo 96) and spontaneous 
yecovery may be expaciad to be 95% complete In 25 to 30 minutes (ange: 16 to 41) fobowing 0.16 myig MIVACRON 
administered to patients receiving optotdinfirous oxidafoxygen anesthesia. Maintenance dosing Is generally 
required approximatety 15 minutes following an initie dose of 0.15 mg/kg MIVACRON during optotd/nitrous 
cxtdefoxygen anoethesia. Maintenance doses of 0.10 mg/kg each provide approximately 15 minutes of 
ackifional clinically effective block. For shorter or longer durafians of action, «maler or larger maintenance doses 
may be admintstered. 

The neuromuscukar blocking action of MIVACRION bs potentiated by lectlurane or enfiurane anesthesia. Tha 
recommended intial MIVACRON dese of 0.15 mg/kg may be used to factItate tracheal intubation prior to the 
adminisiratton of these agents; however, if MIVAGRON is first administered after establishment of stable-stale 
igotturane or enflurane anosthesia (administered with nitrous oxida/oxygan to achleve 1.25 MAC), the inita! 
MIVACRON dose may be reduced by as much as 25%. Grealer raductions in the MIVACRON dose may be required 
with higher concentrations of enflurans or lsoffurane. With halothane, which has only a minimal potentiating 
sftect on MIVACRON, a smaller dosage reduction may be considered. 

Continuous infusion: Continuous infuaion of MIVACRON may be used fo matrtain neuromuscular block. Upon 
early evidence of spontaneous recovery from an initial dose, an kritis! infusion rate of 9 to 10 yovkg/min bs 
recommended. H continuous infusion is iniliated simulianeously with he administration of an Inia! dosa, a lower 
initial Infusion rate should be used (e.g, 4 pg/kg/min). In either case, the intial infusion rete should be 
acfusted according to the response to peripheral nerve stimutation and to clinical criteria. On average, an Infusion 
rate of 6 to 7 phy min (range: 1 to 15) may be expected to maintain neuromuscutar block within the range of 
89% to 89% for extanded periods In adults receiving oplokd/nitrous caddevoxygen anesthesia. Reduction of the 
infusion rate by up to 95% to 40% should be considered whan MIVACRON is administered during stablo-state 
conditions of isoflurane or enflurane anesthesia (administered with niirous oxidafoxygen to achiove 1.25 MAC). 
Greater reductions in the KRVACRON infusion raie may be required with greater concentrations of enflurane 
or isoflurane. With halothane, smaller reductons in infusion rate may be required. 


Children: 
initial Doses: Dosage for MIVACRON on a mgg basis are higher in chldiron than attilte. Onsa? 
ani recovery of neuromuscular biock ocGicenbre apkiy in chidren han aduiks {seo CLINICAL PHARMACOLOGY). 
The recommended dogs of MIVACRON for faciitaling irachoa! Intubafion in chiidran 2 io 12 years otage is 0.20 moig 
administered over § to 15 seconds. When administered curing stable optokifilirous oxidefaxyyen anesthesia, 
0.20 mg/kg of MIVACRON produces mendmum neuromuscular block In an average of 1.9 mindes (range: 1.3 
to 3.3) and clinically effective block for 10 minutes (range: 6 to 15), Maintenance doses are ganerally 
required more {requerit In chidren than in aduils. Adminisirafion of MIVACRON doses above the recommended 
mange £0.20 mon} is associated with fansiont decragsee in MAP in some chidan (eee subsecion 
of CLINICAL PHARMACOLOGY}. MIVACHON hae not been studied in chikiren below the age of 2 years. 
Continvous infesion: Children require higher MIVACRON infusion rates than adults. During optokd/nirous 
oxidefoxygen anesthoela the infusion rata required to maintain 89% to 89% neuromuscular block averages 
W ugikgimin (range: 5 to 31). The principles for infusion of MIVACRON In adufis are atso applicable to chodren 
(see above). 
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nS 'Iintusion Rate Tables: 
_ , For-adutts and children the amount of iifusion solution required per hour depends upon the clinical 


requicementis of the patient; the concentration of MIVACRON in the Infusion eclution, and the patient's 
" weight The contsibuson of the infusion solution to the fluid requirements of the patient mast be considered. Tables 6 

and 7 provide guidelines for delivery in mL/hr (aquivatent to microdrops/min when 60 microdrops = 1 ml.) of 
- MIVACRON Premixed Infusion (0.5 mg/mL) and of MIVACRON Injection (2 mg/mL). 


: Table 6 
infusion Races for Maintenance of Neuromuscular Block During 
Oplold/Nitrous Oxide/Oxygen Anesthesia Using MIVACRON Premixed Infusion (0.5 mg/ml) 


Drug Delivery Rate (ugkgmin) 
4 5 6 7 8 10 14 16 18 20 


Infusion Delivery Rate (mL/hr) 
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Tabie 7 
Infuston Ratas for Maintenance of Neuromuscular Block During 
OplckUNitrous Oxkie/Oxygen Anesthesia Using MIVACRON Injection (2 mg/mL) 
Drug Dalivary Rate (ug/kg/min) 


7 8 19 t4 
infusion De Rate (mL/hr 


10 - 
15 
20 - 
25 
35 
50 
60 
70 
86 
90 
100 





MIVACRON Premixed Infusion In Flexible Ptastic Containers: 

The flexible plastic container Ls fabricated from a spacialy formulated, nonpkasticized, thermoplastic co-polyaster 
(CR3). Water can permeate from inside the container into the overwrap but not In amounts sufficient to affect 
fhe solution significantly. Solutions inside the plastic container also can laach out catan of the chamical components 
in very smal amounts belore fhe expiration period is aitained. However, the safety of the plastic has been confimed 
by tests in animals according to USP biological standards for plastic containers. 

instructions for Use: 

1. Tear outer wrap at noich and remove solution container. Chack for minute leaks by squeezing container firmly. 


if teaks are found, deanna sty may bo naka 

2. Close flow control clamp of administration eet. 

3. Remove cover from outlet cart at bottom of container. 

4. insert piercing pin of admnistration set into port with a twisting motion until the pln ie firmly seated. 
NOTE: See full directions on administration set carton. 

5. Suspend container from hanger. 

6. Squeeze and revease drip chamber to establish proper flutd tevel in chamber during Infusion. 

7. Open flow contro! clamp to axpel air from set. Close clamp. 

8. Attach sat to intravenous tubing. 

9. Regulate rate of administration with flow contro! clamp. 


Caution: Additives should nol be introduced into this solution. Do not administer unless solution is clear and 
container Is undamaged. MIVACRON Premixed Infusion is intended for sings patiant use only. The unused 
portion of the solution should be discarded. 


Warming: Do not use flexible plastic container in series connections. 


MIVACRON Infection Compatibility and Admixtures: 
¥-ste Administration: MIVACRON injection may not be compatibte with alkaline solutions having a pH greater 
than 8.5 (¢.g., barbiturate solutions). 
Studies have shown ihal MIVACRON Injection is compatibie with: 

+ 5% Dextrose Injection USP 

* 0.9% Sodium Chloride injection USP 

* 5% Dextrose and 0.9% Sodium Chloride Injection USP 

* Lactated Ringer's Infection USP 

* 5% Dextrosa In Lactated Ringar’s Injection 

* Sufonta® (sufentant citrate) Injection, diluted as directed 

* AHenta’ (aifentand hydrochloride} Injection, diluted ag directed 

> Sublimaze* {fentanyl citrais) injection, luted as directed 

* Varsed’ (midazolam hydrochloride) Injection, diluted as directed 

¢ Inapeine* (droperidol) injection, diluted as directed 

Compatibility studies with other paranteral products have not bean conducted. 


Dilution Stability: MIVACRON Injection diluted to 0.5 mg mivacurlum par'mL in 5% Dextrose infection 
USP, 5% Dextrose and 0.9% Sodium Chloride Injectton USP, 0.9% Sodium Chloride Injection USP, Lactated 
Ringer's agection USP, or 5% Daxtrosa in Lectated Ringer's injection is physically and chamicafy stable when 
stored in PVC (potyviny! chloride) bags ai 5°C to 25°C (41°F to 77°F) for up to 24 hours, Aseptic techniques 
should be used fo prepare the ciutad product. Admbdaures of MIVACRON should be prepared for single patient 
use only and used within 24 hours of preparation. The unused portion of diluted MIVACRON should be 
discarded aftar each case. 

NOTE: Parantaral drug products shoukd be Inspected visually for particulate matter and discoloration prior to 
administration whenever solution and container permit. Solutions which are not clear and colorless should not 
be used. 


HOW SUPPLIED: MIVACRON Injection, 2 mg mivacurium in each mL. 

5 mL Single Use Vials. Tray of 10 (NDC 0081-0705-44). 

10 mL Single Use Vials. Tray cf 10 (NDC 0081-0705-95)}. 

MIVACRON Premixed Infusion In 5% Dextrose Injection USP, 0.6 mg mivacurtum in each mL. 

50 mL (in a 100 mL unit) Flexikle Plastic Containers. (NDC 0081-0709-01). 

STORAGE: Stora MIVACRON Injection at room temperature of 15° to 25°C (59° to 77°F), Avoid exposure to 
direct ultraviolet light. DO NOT FREEZE. 

Recommended storage for MIVACRON Premixed infusion is room temperature (15° to 25°C/59° to 77°F). Avoid 
excessive heal. Avoid exposure to direct uttraviotel fight. Protect from freezing. 4 


U.S. Patent No, 4761418 554053: 
MIVACRON Premixed Infusion Manufactured for BURROUGHS WELLCOME CO. by Abbott Laboratories 





TRACRIUM® INJECTION 


(atracurium besylate) 


Brief Summ 
This drug should be usad aniy by adequats trained individuais faralar wiih ha achon, characteristic, and 


INDICATIONS AND USAGE: Tracrium is Indicated, as an adjunct to general anesthesia, 
intubation and to provide skeleta muscle relaxation during surgery or mechanica! ventilation. 


CONTRAINDICATIONS: Tracrtn is contraindicated in patients known to have a hypersansitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE FOR 
ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION OF FOS- 
ITIVE PRESSURE OXYGEN: ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH ASSISTED 
OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD BE IMMEDIATELY 
AVAILABLE DO NOT GIVE TRADRIUM BY INTRAMUSCULAR ADMINISTRATION. Tracrium hes no known 
eflect on consciousness, pain threshold, or cersbration. It should be used only with adaq uate anesthesia. Tracrium 
ph cael tre ka Pl n Bana ele , ba-biturate solutions) in the 
same syringe or administered simultaneously during Intravenous Infusion the sae noel Dopendes 
on the resultant pH of such mbcures, re oy eee. 66 acid may be 

Tracrium injection 10 mL multiple doze vials contain benzyl alcohol. alcohol bas bean associated with 
an increased incidance of neurological and other com eo E AN E 
Tracrium Injection 5 mi. single use vials do not contain benzyl alcohol 


PRECAUTIONS: General: Althcugh Tracrium 1s a less potent histamine releaser than d-tubocurarine or 
metocurine, the possiblity of substantial histamine release in sensitive individuals must be consklered. 
Special caution should be exercised in 
pattonts 
ar h of histamine 


with any history (6.g., severe araphytactoid reactions or thee) ese a e 
patents, fhe recommended bô than for other patients 
and shoukd be administered siowly or in divided doses over one minute. Since Tracrum has no sig- 


A a a a tate uced 

pede anesthetic agents or vagal stimulation. As a rosu, uring anesthesia may ba more com- 

pony E ert erase one ean 
neuromuscular diseases anpolai 


oan rata cameo cra 


Sateen are agrs ad sucky 


choline are recognized as the p abel perikeoris od triggering agants in MH-suscentibie patents; however, 
since MH can develop in the absence of established triggering agers, the clinician sFould be prepared to rec- 
ize and treat MH in any patient scheduled for anesthesia. f of MH have bean rare in 


cates WNE TEGIAN fies been ised. ki studide MH-susceptible animais (swina) and in a clinical study 
of MH-susceptble patients, Tracrium did not ihia syndrome. io nondesolarizing neuromuscular 


Resistance 
booting agem develop In bam patients. Increased doses of nondapolarizing muscle relaxants may be 
oe ary n ae ceoendere =upandent on tha Uma elansed since thie burn Imay and ine size of the burn: 


safety of Trecrium has not been established In patients with bronchial asthma. Long-Term Use In 
enie Care Unit (ICU}: Trecium has bean used to facilitates mechanical ventilation in ICU paare 
ee ene et eee o on ene 
must be considered. There is only imed information on the efficacy and 
. (days to weeks) intravenous infusion to facilitate mechanical ven 
For Tracrum, as with other neuromuscular 
that there is wide 


to faciate endotracheal! 


agents, ilitie information Is available on the plasma levels or 


alone to laborato- 
Physiological effects of laudanosine In 


in the ICU. sion nae etapa 
cina of atracuturn 


paneled layla 


responsa was observed in the mousa lyn assay under 
aiie whieh a arapi en aasta le n Iha plese Ol 
EEIE INAN AEEA Valen ns FREA DACRIS ioe CAAA cole: ; Teratogenic 
Effects: Pregnancy Category C. Tracrium has bean shown to be potentially teratogenic Tabb. when 
in doses up to approximately one-half the human dose. Thera are no adequate and well-controtted in 
ee ee ETE ential benefit justifies the potential 
risk to the fetus, Labor and Dethvery: H is not known whether muscle adirisierad during vagal da 
abon oll be eeccenacy Ths PORAN Gus larvaps Gavan ll fe Cocoa hay Potae. TARD (OS 
: orceps necessary may m (6.3 
mkg as been adnislored 10 28 pregnant women during Stra by cesarean section: No hanntul effects 
were attributable to Tracrium in any of the newbom Infants, Shemale cae een vee 
to cross the barter. Tre possibility of respiratory dapresaton in the newbom Infant should always be 
conskiered Ing cesarean section LOE ES A AAU Or etr blocking agent has been adminis- 
tered. In patients recelving magnesium sulfate, the reversal of neuromuscular mary 
and Tracrium dose should be lowered as Indicated. Nursing Mothers: t is not known whether this drug is 
ed in human milk. asl ei aero lerdal A Se Ea 
Use: Safety and effectiveness in children below the age of 1 month have not bean 


ADVERSE REACTIONS: Observed in Controlled Clinical Studies: Tracrium tow adverse reactions 
during extensive clinical trials. Most were suggestive of histamine retease {s98 Section}. The over-" 
adverse reactions was 7/875 or 0.8%. Most adverse ne were of 


ep race puis Ul itp en , Substantial vital 
to 30% observed In 530 patients, with disease, were as 
recommended range of 0.31 to 0.50 mg/kg of Tracrium, mean 
arterial pressure increased In 28% and decreased in 2.1% of patients white the heart rate increased in 
2.8% of these patients. At doses of = 0.60 14.3% of the studied patients had a decreasa In moan arte- 
ral pressuve while 4.8% had an increase in heart rate. At doses < 0.30 mg/kg, mean arterial pressure 
incraased in 1.9% and decraagec in 1.1% of while heart fale creased in 1.5% and decreased in 0.8% 
ce: Based on clinical expenence in the U.S. and the Untied Kingdom 
of E T Eee oe T 
ita! a E prolonged bce CAAA A TE VTA e 
uate, prolonged Cardiovascular 
STORAGE: Tract Injection shuld be tel’igerated at 2° 8° (38° 45°F) ko preserve polany DO NOT 
room temperature si 


FREEZE. apon orage conditions (25°C/77°F), use Tracrium 
injection E a = 
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CONTIPLEX™ 


Continuous nerve block 


PLEXUFIX™ 


Short beveled needles 
and trays 


STIMUPLEX” 


Nerve locator and 
insulated needles 


NERVE BLOCK ANESTHESIA 
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Prepared 
or Malignant 
ja fiaim s- kan ja 


Fatalities resulting from malignant hyperthermia are 
unexpected, unfair and almost always, unnecessary. 

Unexpected because the patient - child or adult - 
shows no outward signs of this genetic disorder. And 
there is no simple diagnostic test. Most people have 
never heard of malignant hyperthermia until it strikes. 

Unfair because it is triggered by the patient’s 
reaction to certain common anesthetics used during 
surgery. The life-threatening episode that results has 
nothing whatsoever to do with the condition 
requiring the surgery. 

Unnecessary, in most cases, because preparedneess 
and prompt treatment can arrest the episode before it 
reaches dangerous levels. Persons who know of their 
susceptibility can have surgery safely using non- 
triggering anesthetics. When MH strikes unexpectedly 
during an operation, it can be brought under control 
by early diagnosis and immediate treatment. 

As a medical professional, you can combat this 
silent killer. For the latest information on diagnosing 
and treating malignant hyperthermia, contact the 
Malignant Hyperthermia Association of the United 
States (MHAUS) at (203) 655-3007. It may mean the 
difference between life or death. 


MHAUS 


P.O. Box 19] 
Westport, CT 06881-0191 





he Modulus® CD-CV from Ohmeda is the 

first anesthesia system to bring you truly 

integrated, comprehensive patient status 
monitoring. By uniting today's most advanced moni- 
oring capabili- 


=x Picture your patient in 3L. 


em allows you to simultaneously view three 
rucial dimensions of patient response to anesthesia: 
sardiovascular, respiratory and ventilatory. 


And because all three are integral to the anesthesia 
=zystem itself, you manage them all at one time. 


Scanning the display screen positioned near your 
yatient, you see ECG, invasive BP, temperature and 
NIBP information alongside respiratory gas data, vol- 
ımes anqd airway pressures. This wealth of data is 
oọogically grouped and prioritized to help you readily 
sorrelate values and observe variances in your 
yatient’'s condition. 


”ou can, for example, view combinations of data, 
=šuch as ECG, SpO2, Paw and CO3 for general monitor- 
ng. Or, when you feel a more detailed diagnostic 
“Approach is indicated, you can instantly convert the 
isplay to dedicated ECG, ventilation or pressure 
data to hone in on the specific parameters you want 
o examine. If you add an arterial line during a case, the 
odulus CD-CV automatically reformats its displays 
to accommodate this 
new data. 


The unique simplicity of 
the Modulus CD-CV also 
means you define alarm 
limits — once — from a sin- 
gle display, then save 
your personal prefer- 
"= ences for future cases. 
a" . ~ And with one keystroke, 
I ee you silence or place all 
monitors, physiologic 
and machine status, in 
standby. You can then 
proceed to intubate, 
sorrect problems, and concentrate on caring for your 
atient without the distraction of nuisance alarms. 


buch, the Modulus CD-CV 
silence, or place into stand- 
wystem alarms. 


platform for expansion. 


“he cardiovascular monitoring package, also avail- 

Able for current Modulus CD Systems, demonstrates 
Dhmeda's delivery of ongoing upgrades to keep your 
ystem up to date... cost effectively. In fact, the CV 
monitoring package is itself upgradeable to accom- 
nodate future options. 
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o learn how the integrated Modulus CD-CV 
*elps you picture your patient in 3D — cardiovas- 
wular, respiratory and ventilatory — contact your 
_Jhmeda representative or call 1-800-345-2700. 


Dhmeda. A world of choice in anesthesia. 
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THE ADVANTAGE 
OF CO-INDUCTION 


Anesthetic Synergy 





VERSED first, followed by a Dosing considerations 
second anesthetic When VERSED is used before other intravenous agents for 
induction of anesthesia, the initial dose of each agent may be 


When given first, a small dose of VERSED” (midazolam significantly reduced, at times to as low as 25% of the usual 
HCl/Roche) may lower the induction ED; of barbiturates initial dose of the individual agents. 


O/ 1-4 Were As a standard precaution, prior to I.V. administration of 
or narcotics up to 75%.'* This synergistic effect appears VERSED ip any dose, Ddi aod teaucchative SAIDO 


to result from a mutual enhancement of binding-site- should be immediately available. VERSED should be used as 
affinity."° Clinically, co-induction may decrease toxicity an induction agent only by persons trained in anesthesiology 
and speed recovery.” VERSED can also abolish the and who are familiar with all dosing and administration guide- 
excitatory effects and emergence phenomena associ- ae mle Rs tid! pL Ra eR tes n 

: , . A : patients receiving narcotic premedication and in those wi 
ated with some induction agents, and its potent amnes- limited pulmonary reserve. 
tic effect may avoid breakthrough awareness at times It is recommended that patients do not drive or operate haz- 


when short-acting induction agents may be wearing off. ardous machinery after receiving VERSED until the effects of 
the drug (e.g., drowsiness) are gone or until the day after anes- 


e Allows lower doses of induction agents‘ thesia, whichever is longer. The decision must be individualized, 
+ A smooth induction? Please see summary of product information on following page. 


e Less risk of breakthrough awareness’ 
_* A smooth emergence? —— 


aC ys 
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INJECTABLE 


VERSED 


midazolamHCl/ Roche @ 


FIRST 


Injectable VERSED is available in 
1 mg/mL and 5 mg/mL strengths. 


References: 1. Tverskoy M, et al. Midazolam-thiopental anesthetic Interaction in 
patients. Anesth Analg. 1988;67:342-345. 2 Vink HR, Bradtay EL Jr, Kissin I, 
Midazolam for coinduction of thiopental anesthesia In Anesthestotogy. 1990; 
7H3A)-A1216, 3, Vink HR, Bradley EL Jr, Kisaln |, Midazolam-alfentanil synergism for 
anesthetic Induction in patients. Anesth Analg. 1889:69:213-217. 4. Ben-Shiomo |, 
et al. Midazolam acts synergistically with for Induction of anaesthesia. Gr J 
Anaesth. 1980;64:45-47. 6. White PF. Comparative evaluation of Intravenous agents 
et ella a thiopental, ketamine, and midazotam. Anesthesiology. 





VERSED” 
midazolam HCi/Roche @ 
INJECTION 


Before prescribing, please consult complete product Information, a summary 
of which follows: 


intravenous VERSED has been associated with respiratory depression and reepira- 
tory arrest, especially when used for conscious sedation. in some cases, where this 
was not recognized promptly and treated effectively, death or 

. Intravenous VERSED 


The initial Intravenous dose for conscious sedation may be as ittis as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary for 
older (over 60 years) or debilitated patients and in patients racelving concomitant 
narcotics or other CNS depressants. The Initial dose and all subsequent doses 
should never be given.as a bolus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedattve effect. The use of the 

1 mg/mL formulation or dilution of the 1 mg/ml. or 5 mg/mL formulation fs recom- 
mended to factitate slower . Consult product information under 
DOSAGE AND ADMINISTRATION for comptete dosing Information. 


CONTRAINDIGATIONS: Patients with known ity to the drug. Bengo- 


uged In open angle glaucoma only if patients are receiving appropriate therapy. 
Not Intended for intrathecal or epidural administration due to the presence of the preser- 


benzyl alcohol. 
WARNINGS: Never use without Individualization of dosage. Prior to IV use In any 
dose, eraure immediate availability of , resuscitative equipment and 
skied personnel for maintenance of a patent alrway and support of ventilation. 
monitor for carly signs of underventilation or apnea, which can 


ory depression 
sometimes resutting in death. There have been rare reports of 


administration; however, the possibility of cerebral hypoxia or true 
should be considered. Should these reactions occur, response to each dose of VERSED 
and all other drugs shouid be evaluated before proceeding. 

Concomitant use of barbiturates, alcohol or other CNS depressants may increase the riek 
of underventiiaiion or apnea and may contribute to profound and/or prolonged drug 
offect. Narcotic premedication also depresses the vantilatory response to carbon dioxide 
stimugation. 


Ee ee Yo te DREE ear es et eae 
anesthesia, obstructive diksea30 


signs. Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute iiinesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial Infection; hazards In humans unknown. Avold 


extravasation. 

VERSED should only be administered IM or IV. Safety and efficacy of other routes of 
administration are not established, 

' Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contributian of 
ee eee The decision as to when patients may 
engage in actMiles requiring mental alertness must be indhidualzed; It is recommended 
that no patient should operate hazardous machinery or a motor vehicle unti the effects of 
Be OO ten ie CLONE Neen NS ren ar or att a OE ve NR eee 

longer 
Usage In Pregnancy: An increased riek of congenital malformations associated 
with the uso of benzo {diazepern and chiordiazepoxide) has been 
suggested in several studies. H VERSED Is used during pregnancy, apprise the 
patient of the potential hazard to the fetus. 
PRECAUTIONS: General: a naan a ad 
patients. These patients will also probably take longer to recover compietety after 
VERSED for Induction of anesthesia. 
VERSED does not protect against Increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal Intubation under light 


general anesthesia. 
information for patients: Communicate the following information and instructions to the 
patient when appropriate: 1. inform your physician about any alcohol consumption and 


with benzodiazepines; therefore, 

regarding Ingestion of alcohol and benzodiazepines. 2. inform your 
physicien If you are pregnant or are planning to become pregnant. 3. inform your physi- 
Clan Hf you are nursing. 

Drug interactions: The sedative effect of IV VERSED is accentuated by premedication, 





VERSED® {midazolam HCi/Roche) 


particularly narcotics (a.g., morphine, meperidine, fentany) and also secoberbital and 
Innovar (fentanyl and droperidol). Consequently, adjust the dosage according to tha type 
and amount of premedication. 

A moderate reduction in induction dosage requirements of thiopental (about 1696} has 
been noted following use of IM VERSED for premedication 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

O EE eee 


topical local anesthetics nung Idocane, dyctonine HC! and Cetacaine) have bean 


Sra ode AHI SS Baha ea 
concomitant administration of cimetidine (but not ranitidine). Clinical significances of this 
interaction b unclear. 

Drug/leboratory test interactions: Midazolam has not been shown to interfere with clinical 
laboratory test results. 


Carcinogenesis, mutagenesis, impairment of fertiity: Midazolam maleate was adminiks- 
tared to mice and rats for two years. At the highest dose (80 mg/ky/day) famale mice had 
a marked increase in Incidence of hepatic tumors and mate rats hac a small but signifi- 
cant Increase in benign thyroid folicular cel tumors. These tumors were found after 


mutagenic 
A reproduction study in rats did not show any Impairnent of fortiity at up to tan times the 
human NM dose. 
Pragnancy: Teratogenic effects: Pregnancy Catagory D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show evidence 
of teratogenicity in rabbits and rats. 
Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam Is 
transferred transptacentally and because other benzodiazepines given in the fast weeks 
of pregnancy herve resulted In neonatal CNS depression, VERSED Is not recommended 
for obstetrical use. 
Nursing mothers; Excreted In human mik. Not recommended for use In nursing mothers. 
Pediatric use: Safety and effectivanges in chilcran below the age of 18 have not been 
estabished. 


frequently seen findings and included decreased 
tidal volume arcd/or respiratory rata decrease (23.3% of patients following IV and 10.8% 
of patients following IM administration) and apnea (15.496 of patients folowing NV admin- 
istration}, prop nih E r lied ore pire 
Following IM injection: headache (1. 396); local effects at IM site: pain (3.796), induration 
(0.6%}, karea hae muscle stifiness (0.3%). 


in most of these cases, patients also received other CNS depressants capable of 
ng respiration, especialy narcotics. 
Api ear Ale nausea (2.8%), een coughing 
(1.3%), “oversedation” (1.896), headache (1.5%), drowsiness (1.2%); local effects at the IV 
site: tendemess (6.6%), pain pain during injection (5.0%), redness (2.6%), induration (1. 7%), 
phlebitis (0.4%). Other effects (<1) mainly following NV administration: Respiratory: 


athetokd movements, seure-Iks activity, ataxia, , dysphoria, slurred speech, 
paresthesia. Specia/ Sense: Blurred vision, diplopia, nystagmus, pinpoint 
movements of : disturbance, difficulty eyes, oars 
blocked, loss of balance, Hive-like elevation at injection 


, Chis, weakness, toothache, 
Drug Abuse and Dependence: Aviado Osta conéar ind the did erties end degen: 
Oe a Hee rages et I eee een et en aes t Mal 


of diazepam. 
OVERDOSAGE: Manifestations would resembie those observed with other benzodl- 
SOMONE, diminished 


OTE a beanaee impaired coordination, 
reflexes, coma, urttoward effects on vital signs). No specific organ toxicity would ba 


expected. 
DOSAGE AND ADMINISTRATION: VERSED Is a potent sedative agent which 


HAVE BEEN REPORTED, PROVISION FOR MONITORING, DETECTION AND 
CORRECTION OF THESE REACTIONS MUST BE MADE FOR EVERY PATIENT 
TO WHOM VERSED INJECTION IS ADMINISTERED, REGARDLESS OF AGE OR 
HEALTH STATUS. Excees dosos or rapid or single bolus Intravenous administra- 
tion may result in depression and/or srreat: {Bee WARNINGS.) Prior 
to use refer to the DOSAGE AND ADMINISTRATION soction in the complete 
product Information. 


P.I. 0691 


Roche Laboratories 


a division of Hoffmann-La Roche Inc. 


340 Kingsiend Street 
Nutley New Jarsey 07110-7189 


Bupivacaine Toxicity Secondary to Continuous Caudal 


Epidural Infusion in Children 


John J. McCloskey, MD, Steven E. Haun, MD, and Jayant K. Deshpande, MD 


Department of Anesthesiology/Critical Care Medicine, The Johns Hopkins Hospital, Baltimore, Maryland; Department 
of Pediatrics, Children’s Hospital, Columbus, Ohio; and Department of Pediatrics and Anesthesiology, Vanderbilt 


University, Nashville, Tennessee 


of the intraoperative anesthetic management 
f children (1,2). The success of nerve blocks 
and “kiddie caudals” in managing surgical stress has 
also led to the use of these techniques in alleviating 
postoperative pain (2-5). In many instances, bupiv- 
acaine is the local anesthetic chosen for these tech- 
niques because of its longer duration of action and 
greater sensory versus motor blockade at a given 
therapeutic dose (6,7). A safe and effective bolus dose 
for caudal injection, based on pharmacokinetic and 
pharmacodynamic studies, has been determined for 
infants and children (8-10); however, the pharmaco- 
kinetic and pharmacodynamic properties of pro- 
longed continuous caudal epidural bupivacaine infu- 
sions in children have not been investigated. 
We present three case reports to illustrate that 
prolonged infusions of bupivacaine by the caudal 
route can lead to systemic toxicity. 


4 egional anesthesia has become an integral part 


Case 1 


A 3.89-kg full-term male neonate was noted to have 
exstrophy of the bladder at birth. No other abnormal- 
ities were noted on physical examination. On day 1 of 
life, the bladder defect was closed under general 
anesthesia supplemented with a caudal epidural 
block. A catheter was placed in the caudal epidural 
space under sterile conditions. After testing for 
proper placement of the catheter, a 4-mL bolus dose 
of 0.25% bupivacaine (2.5 mg/kg) with 1:200,000 
epinephrine was infused through the catheter with- 
out complication. An adequate block was assumed 
because the need for inhaled anesthetic decreased 
during the course of the procedure. The child re- 
ceived 3 mL (1.87 mg/kg) of the same bupivacaine 
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solution at 1.5 and 3 h after the initial bolus dose. The - 
patient emerged from general anesthesia without 
complication and was taken to the pediatric intensive 
care unit for observation and pain management via 
the caudal catheter. 

Approximately 1.5 h after his last intraoperative dose 
of bupivacaine, an infusion of 0.25% bupivacaine with 
1:200,000 epinephrine was initiated at a rate of 4 mL/h 
(2.5 mg-kg~'-h~*). Ten hours after. starting the infu- 
sion, the patient developed bradycardia with resultant 
hypotension. The bupivacaine infusion was stopped, 
and bag and mask ventilation with chest compressions 
was started. His trachea was intubated. Epinephrine 
(10 pg/kg) was given intravenously, and the rhythm 
quickly changed from sinus bradycardia (heart rate 40 
beats/min) to ventricular tachycardia. This rhythm was | 
partially responsive to three bolus doses of intravenous 
lidocaine (1 mg/kg) and sodium bicarbonate (1 mEq/kg). 
Normal sinus rhythm was established after intravenous 
infusion of phenytoin (5 mg/kg). Two -hours later, 
ventricular tachycardia recurred along with the devel- 
opment of generalized tonic-clonic seizures. The pa- 
tient was normotensive during this period. Two doses 
of bretylium (2 mg/kg IV) were administered without a 
change in the cardiac rhythm. Treatment with diaze- 
pam (0.25 mg/kg IV) and phenytoin (7 mg/kg IV) 
aborted the seizures and ventricular tachycardia. The 
trachea was extubated approximately 24 h later. Exam- 
ination at that time and over the course of his hospital- 
ization revealed no obvious neurologic sequelae. 

A total serum bupivacaine level drawn immedi- 
ately after the initial episode of ventricular tachycar- 
dia was subsequently reported as 5.6 pg/mL, and a 
second level 12 h after the initial episode was 
3.7 g/mL. 


Case 2 
An 8-yr-old, 45-kg (ASA physical status I) girl with a 


history of multiple surgical procedures for bladder 
exstrophy presented for bladder augmentation and 
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bilateral ureteral implantation. General anesthesia 
was induced with sodium thiamylal, O, N,O, and 
isoflurane. After induction, a 20-gauge epidural cath- 
eter was placed in the caudal space. After assuring 
proper placement, a 25-mL bolus dose of 0.25% 
bupivacaine (1.4 mg/kg) with 1:200,000 epinephrine 
was infused without complication. During the surgi- 
cal procedure, the patient subsequently received 
0.83, 0.55, and 1 mg/kg of 0.25% bupivacaine through 
the catheter at 1.5, 3.5, and 5.5 h, respectively. The 
patient emerged from general anesthesia without 


complication and was transported to the pediatric 


intensive care unit for monitoring and pain control. 


Approximately 4 h after her last intraoperative 


dose of bupivacaine, a continuous infusion of 0.25% 
bupivacaine with 1:200,000 epinephrine was initiated 
at a rate of 30 mL/h (1.67 mg-kg~-h ‘). The level of 
sensory anesthesia was assessed at T-10. The infusion 
was continued at this rate as the level of analgesia 
remained unchanged. Twenty-five hours after start- 
ing the infusion, the patient developed two episodes 
of generalized tonic-clonic seizure activity. The sei- 
zure activity resolved with 0.05 mg/kg of diazepam. 
Neurologic examination after the seizures revealed 
no abnormalities. A total serum bupivacaine level 
drawn shortly thereafter was reported as 6.6 g/mL. 


Case 3 


A 4yr-old, 12-kg girl (ASA physical status I) sus- 
tained bilateral knee trauma secondary to a motor 
vehicle accident. There was no history or physical 
evidence of head trauma. She was brought to the 
operating room for irrigation and debridement of her 
wounds. After induction of general anesthesia with 
sodium thiamylal and isoflurane in O,/N.O, an epi- 
dural catheter was placed in the caudal space under 
sterile conditions. A test dose of local anesthetic was 
then given without complication. This was followed 
by a 12-mL bolus injection of 0.25% bupivacaine 
(2.5 mg/kg) with 1:200,000 epinephrine. During the 
procedure, she received a bolus injection of 20 mg of 
bupivacaine (1.67 mg/kg) through the catheter at 2, 4, 
and 5.5 h after the initial bolus dose. She emerged 
from general anesthesia without complication and 
was transported to the pediatric intensive care unit 
for monitoring and pain management. 
Approximately 3 h after the last intraoperative 
dose of caudal bupivacaine, a continuous infusion of 
0.25% bupivacaine with 1:200,000 epinephrine was 
started at 8 mL/h (1.67 mg:kg™*:h~’). The sensory 
level of anesthesia was assessed at T-10. The infusion 
was continued at the same rate until 26 h after 
starting the infusion, at which time the level of 
analgesia (L-2) was significantly diminished. Evalua- 
tion of the catheter revealed a small leak just proximal 
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to the skin entry of the catheter. It was removed, and 
another was placed under sterile conditions. A test 
dose of 2 mL of 0.25% bupivacaine (0.42 mg/kg) was 
given through the new catheter without complica- 
tion. The infusion was restarted at 2.0 mg-kg~!-h7?. 
Approximately 8 h after restarting the infusion (ap- 
proximately 34 h after starting the first infusion), the 
patient developed a generalized tonic-clonic seizure. 
The seizure resolved with diazepam (0.1 mg/kg IV). 
Neurologic examination after the seizure revealed no 
abnormalities. During the seizure, the bupivacaine 
infusion was stopped, and a total serum bupivacaine 
level was drawn. It was later reported as 10.2 ug/mL. 


Discussion 


Perioperative surgical stimulation and pain in chil- 
dren can be effectively managed with regional anes- 
thetic techniques (1-5,7,11,12). Single-dose “kiddie 
caudals”’ decrease the amount of general anesthetics 
needed during surgical procedures and can provide 
pain relief well after a procedure is completed (4,5). 
Postoperative pain in children can also be attenuated 
with the use of continuous infusions of local anes- 
thetics via the lumbar epidural and intrapleural 
routes (11,12). In the majority of these studies, bupiv- 
acaine is the local anesthetic of choice (6,7). The 
pharmacokinetics of bupivacaine by these routes of 
administration have been evaluated, but there are no 
studies that have evaluated the pharmacokinetics of 
bupivacaine with continuous, prolonged infusions in 
the caudal epidural space. Although the doses of 
bupivacaine used in the previously mentioned stud- 
ies were safe and effective, toxic serum levels of 
bupivacaine can have serious effects on the cardio- 
vascular and central nervous systems (13,14). 

Studies by Mazoit et al. (8) and Ecoffey et al. (10) 
have evaluated the pharmacokinetics of single bolus 
injections of bupivacaine via the caudal epidural 
space in infants and children (Table 1). The dose used 
in these studies (2.5 mg/kg) provided adequate anal- 
gesia without producing toxic serum levels. The 
maximal serum concentration (Cmax) reported in 
these studies was similar; however, the elimination 
half-life (T125) and volume of distribution (Vd) were 
greater in the infant age group compared with the 
child age group. These changes are presumed to be 
caused by an increase in serum protein binding that 
occurs with aging. 

The rates of administration of continuous bupiv- 
acaine infusion used in our patients (1.25-2.5 mg-kg~* 
-h7’) described earlier were extrapolated from bolus 
dosages routinely used in the operating room for brief 

ures. Several studies have demonstrated that 
bolus doses of bupivacaine at 2.5-3.0 mg/kg in infants 
and children will produce a Cmax in the range of 
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Table 1. Pharmacokinetics of Bolus Caudal Epidural Bupivacaine in Infants and Children 


Cmax (BML) Tnax (min) 

Infants” 0.97 + 0.42 28 + 13 
(2.5 mg/kg) 

Children 1.25 + 0.09 29.1 + 3.1 
(2.5 mg/kg) 


CI 
Typ (h) Vd (L/kg) (mL-min™!-kg~*) 
77 +24 3.9 + 2.0 7.1 + 3.2 
4.6 + 0.5 2.7 + 0.2 10.0 + 0.7 


Crux Maximal serum concentration; T,,,,, maximal time; Ting, elimination half-life; Vd, volume of distribution; Cl, clearance. 


“Expressed as value + sp; Mazoit et al. (8). 
"Expressed as value + sx; Ecoffey et al. (10). 


0.22-1.93 pg/mL (8-10); levels far less than the toxic 
threshold level of 4 g/mL in adults (15). Thus, it was 
presumed that these infusion rates would not produce 
toxic serum levels of bupivacaine; however, each of 
these patients developed generalized seizures, presum- 
ably from systemic accumulation of bupivacaine.’ In 
addition, patient 1, a neonate, developed cardiovascu- 
lar toxicity despite exhibiting a lower serum level of 
bupivacaine. Infants are at greater risk for bupivacaine 
toxicity because a,-acid glycoprotein, the major serum 
protein to which bupivacaine is bound, is lower in 
infants compared with older age groups (8). The lower 
levels of a,-acid glycoprotein can result in a greater 
amount of free drug in the serum. The rate of rise in the 
serum level of bupivacaine may have also influenced 
the development of relatively greater toxicity in patient 
1 because he received a greater concentration of bupiv- 
acaine (0.25% vs 0.125%) compared with the other 
patients. A larger dose was empirically chosen for 
patient 1 to provide a more dense motor block; it was 
speculated the more dense block would help prevent 
wound dehiscence, which has a high rate of occurrence 
after bladder exstrophy repair in this age group. 

With the data from Table 1 and assuming a steady- 
state serum concentration (Css) of 1.0-1.5 ug/mL, 
safe and effective rates for continuous bupivacaine 
infusion though the caudal epidural space can be 
extrapolated. With constant infusion of drugs at 
steady state, Css is equal to the rate of infusion (Ro) 
divided by clearance (Cl). Thus, the rate of infusion is 
the product of the serum concentration and the 
clearance (Ro = Cl x Css). The data from Table 1 
suggest that an infusion rate of 0.4 mg:kg"*:h™ for 
infants <6 mo old and a rate of 0.75 mg-kg~*-h™ for 
older children will probably provide adequate anal- 
gesia without causing toxicity: these rates of infusion 
are far less than what was administered to our 
patients. These calculated rates, however, are based 
on linear pharmacokinetics and do not account for 
possible saturation of local tissue binding sites that 
may occur: with long-term administration of drugs. 
Richter et al. (16) have demonstrated in adults that 
continuous epidural infusions follow linear pharma- 
cokinetics until approximately 50 h of infusion, at 


which time the plasma levels of bupivacaine increase 
dramatically. 

Although the pharmacokinetics of continuous cau- 
dal epidural infusion of bupivacaine has not been 
studied in children, Desparmet et al. (11) have eval- 
uated the pharmacokinetics of continuous lumbar 
epidural infusion of bupivacaine in children. In that 
study, 21 patients received a loading dose of 0.25% 
bupivacaine (1.25 mg/kg); 30 min later, a continuous 
infusion of 0.25% at a rate of 0.2 mg-kg~’-h* was 
instituted. Of these 21 children, 6 (3.5-11 yr) had 
plasma bupivacaine levels measured during a period 
24-48 h after the start of the infusion. The initial 
sensory level of anesthesia was between T-10 and L-1; 
only 2 of the 21 children complained of discomfort 
above the T-12 level. In the six children who had 
plasma bupivacaine measurements, the Css ranged 
from 0.30 + 0.11 to 0.73 + 0.7 ug/mL, and Cl ranged 
from 3.96 to 11.11 mL-min™*-kg~*. These values for 
Css and Cl are similar to values for Cmax and Cl in 
single-bolus dose caudal injections (8,10) and thus 
corroborate the values calculated previously for effec- 
tive and safe doses of prolonged continuous caudal 
epidural infusions of bupivacaine. 

Compared with the Desparmet et al. (11) study, 
the McIlvaine et al. (12) study on the use of continu- 
ous bupivacaine through an intrapleural catheter for 
analgesia after thoracotomy in children suggests that 
a higher concentration of bupivacaine can be used in 
children. In this study, the pharmacokinetics of a 24-h 
continuous infusion of intrapleural bupivacaine was 
evaluated in 14 children, approximately 10.75 + 6 yr in 
age, who had a thoracotomy for anterior spinal fusion 
or aortic coarctation repair. These patients received a 
concentration of 0.25% bupivacaine with 1:200,000 
epinephrine at an initial rate of 0.5 mL-kg™*-h7’ 
(1.25 mg-ke~?-h™"); the rate was increased to a maxi- 
mum of 1.0 mL-kg™?-h~? (2.5 mge-ke*-h~") if analgesia 
was not judged to be adequate. Over the 24 h, the 
mean rate of infusion increased to approximately 1.6 + 
0.8 mg-kg~*-h7*. Serum levels in the seven patients 
who underwent anterior spinal fusion rose from 0.76 + 
0.24 ug/mL at 4 h into the infusion to 4.2 + 0.72 ug/mL 
at 24 h. In the seven patients who underwent aortic 
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coarctation repair, the levels rose from 0.77 + 
0.19 g/mL at 4 h to 2.47 + 0.52 g/mL at 24 h. Five 
patients had levels >4 yg/mL, and one had a level 
>7 pg/mL; despite these high levels, no patient de- 
veloped signs of cardiovascular or central nervous 
system toxicity. These data, like those of Desparmet 
et al. (11), also suggest that the calculated infusion 
rates for continuous caudal epidural infusions should 
be safe because systemic absorption of local anes- 
thetic from the intrapleural space is greater than 


from the intercostal space (17), and absorption from. 


the intercostal space is greater than from the caudal 
epidural space (18). Furthermore, the serum levels of 
bupivacaine in the Mcllvaine et al. (12) study sug- 
gest that pediatric patients may have a higher thresh- 
old at which bupivacaine toxicity develops than 
adults. 

In summary, we present three cases of bupivacaine 
toxicity (seizures, hypotension, arrhythmia) secondary 
to prolonged continuous infusions by caudal adminis- 
tration. The rates of infusion for these patients were 
chosen empirically because of the paucity of pharma- 
cokinetic studies involving the use of prolonged contin- 
uous caudal epidural infusions in infants and children. 
Analysis of pharmacokinetic studies involving bolus 
caudal infusions and prolonged continuous lumbar 


epidural infusions in children would suggest that infu- 


sion rates of 0.2-0.4 mg'kg`t-h™* in infants and 0.2- 
0.75 mg-kg~'-h~* in children may be effective without 
producing toxicity. Therefore, it seems prudent to use 
such doses when considering prolonged continuous 
caudal infusions of bupivacaine. The potential risk from 
bupivacaine toxicity could also be reduced, without 
affecting analgesia, by combining a lower concentration 
of bupivacaine with fentanyl or sufentanil. Caution 
must also be exercised with the use of local anesthetic/ 
narcotic solutions in prolonged epidural infusions be- 
cause the pharmacokinetic variables of these solutions 
in children are also unknown. Until future studies are 
performed to evaluate the pharmacokinetics of these 
types of infusions into the caudal epidural space, we 
strongly urge close monitoring of mental status and the 
electrocardiogram during the infusion for signs and 
symptoms of central nervous system or cardiovascular 
toxicity. Consideration should also be given to monitor- 
ing serum levels of bupivacaine if these infusions are 
used on a routine basis. Furthermore, the pharmacok- 
netic data from the Richter et al. (16) study would 
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suggest limiting the infusion of bupivacaine via the 
caudal epidural space to <48 h. 
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humans results in a small increase in serum K* 

concentration (1,2). Depolarizing muscle relax- 
ants act at the motor end plate of normal muscle cells 
and open a ligand-gated ion channel, allowing Na* and 
Ca?* influx and K* efflux. This initiates depolarization 
of the muscle cell (2). Weintraub and colleagues (3) 
found that 100 mg of succinylcholine administered 
intravenously to anesthetized normal Patients results in 
an average peak increase in serum K™ concentration of 
0.55 mEq/L. Uremic patients have a comparable in- 
crease in K* concentration when given a depolarizing 
muscle relaxant (4-6). Administration of succinylcho- 
line to patients with a variety of other clinical conditions 
can produce an exaggerated hyperkalemic response, 
resulting in ventricular arrhythmias and cardiac arrest. 
This exaggerated release of K* after administration of 
succinylcholine has been reported in patients after 
massive trauma (7-9), burns (10-12), neuromuscular 
disease (13-17), intraabdominal infections (18), closed 
head injury (19), and near drowning (20). Patients with 
these clinical findings are believed to be “supersensi- 
tive” to the effects of succinylcholine (2). We describe a 
patient with severe acidemia and hypovolemic hypo- 
tension due to postpartum hemorrhage, without other 
known risk factors for hyperkalemia, who received 
succinylcholine to facilitate emergent intubation and 
suffered a hyperkalemic cardiac arrest. 


r The administration of succinylcholine in normal 


Case Report 


A 42-yr-old gravida 2, para 1 woman presented at 
38-wk gestational age with ruptured membranes for 
cesarean section. She had no history of renal dysfunc- 
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tion or electrolyte disorders, and the remainder of her 
past medical history was unremarkable. The hemato- 
crit was 33.5%. No other preoperative laboratory data 
were obtained. The patient underwent elective cesar- 
ean section under lidocaine epidural anesthesia. The 
procedure was uncomplicated. Estimated blood loss 
was 1000 mL. 

At the time of admission to the obstetric recovery 
room, her arterial blood pressure was 100/70 mm Hg, 
and the heart rate was 120 beats/min. Oxygen satu- 
ration measured by pulse oximeter (Spo,) was 98%. 

Three hours postoperatively the patient com- 
plained of severe shoulder pain. The arterial blood 
pressure was 100/80 mm Hg, heart rate 150 beats/min, 
and Spo, 94%. Within a few minutes, the patient 
became lethargic, and arterial blood pressure had 
decreased to 80 mm Hg systolic. A pulse oximeter 
signal could not be obtained. The hematocrit was 
19%. No other laboratory data were obtained at this 
time. The patient was treated with rapid intravenous 
administration of crystalloid solutions while awaiting 
type-specific blood. Quickly thereafter the patient 
became unresponsive, and to ensure adequate gas 
exchange, bag-valve-mask ventilation was initiated. 
Despite manipulation of the airway, chest expansion 
was inadequate. Direct laryngoscopy was attempted 
without muscle relaxants; however, tense muscle 
tone prevented intubation. Succinylcholine (100 mg 
IV) was administered to facilitate laryngoscopy. The 
trachea was then intubated without difficulty and the 
lungs ventilated with 100% oxygen. 

At the time of intubation an electrocardiographic 
(ECG) monitor was applied. The initial tracing 
showed a sinus tachycardia with a heart rate of 
135 beats/min. Within 1 min of the administration of 
succinylcholine, peaked T waves were noted and the 
QRS complex was then observed to widen acutely. 
The rhythm degenerated into a polymorphic ventric- 
ular tachycardia followed by a sine wave pattern. The 
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patient became pulseless. Advanced cardiac life sup- 
port was begun. Infusions of type-specific blood and 
crystalloid solution were administered. No blood 
products or bicarbonate were administered before the 
observed ECG changes. The initial postintubation 
arterial blood gas analysis obtained approximately 
10 min after the beginning of advanced cardiac life 
support revealed pH 7.32, Paco, 10 mm Hg, Pao, 
337 mm Hg, HCO, 5 mEq/L, and base excess 


~17 mEq/L; serum K* concentration was 8.2 mEq/L. 


Despite vigorous therapy for hypovolemia and 
hyperkalemia, a cardiac rhythm could not be estab- 
lished, and the patient died approximately 45 min 
after initiation of advanced cardiac life support. Post- 
mortem examination showed a large laceration in the 
posterior wall of the uterus with >1500 mL of intra- 
abdominal blood. 


Discussion 

The hyperkalemic response to succinylcholine ad- 
ministration is well described. A number of reports in 
the literature document the occurrence of hyperkale- 
mia after administration of succinylcholine to patients 
with burns, massive tissue trauma, or neurologic 
disorders involving motor deficits (2,7-17). In some 
of these conditions, the mechanism of the exagger- 
ated response to succinylcholine is the development 
of acetylcholine receptors in extrajunctional areas of 
the muscle cell (2). In patients with these conditions, 


the hyperkalemia resulting from administration of 
succinylcholine can cause cardiac arrest (2,12,15). 


Roth and Wuthrich (15) suggest that succinylcho-. 


line is contraindicated in patients with renal failure, 
because of the occurrence of cardiac arrest in two 
uremic patients after succinylcholine administration. 
A number of investigators have subsequently shown 
that the administration of succinylcholine to uremic 
patients does not lead to an exaggerated release of K* 
(4-6). However, cardiac arrests can occur in patients 
with renal failure who receive succinylcholine, be- 
cause they are hyperkalemic before the administra- 
tion of a depolarizing muscle relaxant. The average 
increase in serum K“ concentration of 0.5 mEq/L in 
these already hyperkalemic patients may be enough 
to induce ventricular arrhythmias. 

No similar concern has been expressed about the 
use of succinylcholine in acidemic patients. Changes 
in the concentration of hydrogen ions have important 
effects on the serum K* concentration (21,22). In both 
humans (21) and animals (22), acidosis increases and 
alkalosis decreases the serum K* concentration. 
Changes in serum K* concentration are related only 
to changes in pH and are independent of alterations 
in Pco, or bicarbonate concentration (22). These 
changes also occur independently of alterations in 
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total body stores of K* (21). On average, for every 
Q.1-unit change in extracellular pH, there is an in- 
verse change of 0.6 mEq/L in the serum K* concen- 
tration (21). Thus, if a patient’s arterial pH decreased 
from 7.40 to 7.00, there would be an increase in the 
serum K* concentration of approximately 2.4 mEq/L. 

In the patient presented here we suggest that a 
likely explanation for the observed ECG changes and 
the subsequent cardiac arrest was severe hyperkale- 
mia that developed after administration of succinyl- 
choline to an already acidemic, hypovolemic, and 
hyperkalemic patient. Although arterial blood gas 
and electrolyte values obtained before cardiac arrest 
are not available, the most likely explanation for the 
timing of the ECG changes is hyperkalemia. The ECG 
changes observed by the physicians who were caring 
for the patient during the cardiac. arrest are charac- 
teristic of hyperkalemia (23). 

Based on the pH and the Paco, values of arterial 
blood gas obtained from the patient after endotra- 
cheal intubation, the pH before intubation and posi- 
tive pressure ventilation was approximately 7.00. 
This pH change alone would increase a normal K* 
concentration of 4.5 mEq/L to approximately 
6.9 mEq/L. The combination of the underlying aci- 
demia and the anticipated rise in K* associated with 
succinylcholine administration resulted in severe hy- 
perkalemia. This led to ventricular tachycardia and 
cardiac arrest in this already hypovolemic, hypoten- 
sive patient. Other causes for the hyperkalemia and 
associated ECG changes, such as renal dysfunction or 
an undiagnosed neurologic disorder, are unlikely. 

This is the first report of a possible succinylcholine- 
induced hyperkalemic arrest in a patient whose only 
risk factor was severe acidemia. This case emphasizes 
the importance of considering acid-base status when 
administering depolarizing muscle relaxants, because 
in an acidemic patient the serum K* concentration 
may be elevated to dangerous levels before adminis- 
tration of succinylcholine. Although we do not sug- 
gest that succinylcholine is contraindicated in pa- 
tients who are acidemic or that it results in an 
“exaggerated” release of K* in acidemic patients, we 
do believe that the clinician must consider underlying 
acid-base status before administration of a depolariz- 
ing muscle relaxant. 

In acidemic patients, therapeutic maneuvers 
should be instituted to attempt correction of the 
acidemia before the administration of succinylcho- 
line. Hyperventilation by bag and mask, as was 
attempted in our patient, may help to compensate for 
a metabolic acidosis and thus lower the serum K* 
concentration before administration of succinylcho- 
line. The administration of sodium bicarbonate, al- 
though controversial for the treatment of lactic acido- 
sis (24), is standard initial therapy for hyperkalemia. 
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The use of nondepolarizing muscle relaxants in- 
stead of succinylcholine should also be considered to 
facilitate the airway management of potentially hy- 
perkalemic patients. Because nondepolarizing muscle 
relaxants do not cause elevated levels of serum K*, 
their administration is unlikely to result in a danger- 
ous elevation in serum K* concentration. However, 
in conventional doses, these drugs have a slower 
onset time than succinylcholine, which delays the 
attainment of adequate muscle relaxation to facilitate 
endotracheal intubation. The clinician must use his or 
her judgment and knowledge of the different effects 
of the various drugs when choosing a muscle relaxant 
for use in an acidemic, hyperkalemic patient who 
requires emergency endotracheal intubation. 
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well described in a variety of neuromuscular 
pathologic states. Recent thermal injury, spinal 
cord trauma with paresis, prolonged immobility, pri- 
mary neuromuscular disease, abdominal sepsis, and 


l uccinylcholine-induced hyperkalemia has been 


recent stroke are thought by many to contraindicate 


the use of succinylcholine. A neurologically normal 
patient manifested a succinylcholine-induced hyper- 
kalemic cardiac arrest 2 mo after transient paraplegia 
that developed after surgical repair of a transected 
thoracic aorta. Even transient paraplegia may con- 
traindicate the routine use of depolarizing neuromus- 
cular blocking drugs. 


Case Report 


A 26-yr-old, 70-kg man was scheduled for removal of 
a femoral Klemm nail. Past medical history was 
significant for a successful repair of a transected 
- descending thoracic aorta after a motor vehicle acci- 
dent 2 mo earlier. After this operation, the patient 
manifested a transient lower extremity paraplegia 
that resolved over the next 4-6 h postoperatively and 
a permanent left recurrent laryngeal nerve palsy. His 
right femur fracture was initially managed with trac- 
tion and bed rest. On the sixth postoperative day, he 
underwent uneventful internal fixation of the fracture 
with a Klemm nail. Succinylcholine was used to 
facilitate orotracheal intubation for both these opera- 
tions without incident. The patient was walking 
without assistance at discharge from the hospital 10 
days after admission. 

The patient continued to walk without assistance 
at home after discharge. He related being “weak,” 
but he was able to climb stairs and get in and out of 
a car unassisted. His physical examination was unre- 
markable, as was his hemogram. Just before induc- 
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tion of anesthesia, his arterial blood pressure was 
160/90 mm Hg, and his heart rate was 105 beats/min. 

Oxygen by face mask and gallamine (20 mg IV) 
were administered. Three minutes later, thiopental 
(280 mg IV) and succinylcholine (100 mg IV) were 
administered. After hyperventilation with oxygen, 
the patient was orotracheally intubated 2 min later 
without obvious muscle fasciculations. Seconds after 
intubation, electrocardiographic (ECG) lead II re- 
vealed bigeminal premature ventricular contractions. 
The pulse oximeter indicated an oxygen saturation of 
100%. The patient was then hyperventilated with 
70% nitrous oxide with oxygen and 3.5% isoflurane, 
and lidocaine (100 mg IV) was administered. The ST 
segments rapidly elevated. The ECG complex became 
sinusoidal in appearance over the next 3 min. The 
heart rate was 100 beats/min. Six minutes after thio- 
pental and succinylcholine administration, the arte- 
rial blood pressure was 75/53 mm Hg. Over the next 
60 s, the patient became profusely diaphoretic, his 
skin color became ashen gray, his carotid pulse was 
barely palpable, and no blood pressure could be 
obtained. The nitrous oxide and isoflurane were 
discontinued, and the lungs were ventilated with 
oxygen. A capnogram revealed that the end-tidal 
carbon dioxide pressure had decreased from 30 to 
17 mm Hg. The defibrillator malfunctioned, and 
closed-chest cardiac compressions were begun for 
2 min, after which the ECG and vital signs returned 
to normal. The operation was postponed, and an 
arterial line was inserted. Some 11-12 min after the 
succinylcholine was administered, a clinically nonhe- 
molyzed sample of arterial blood revealed a serum 
potassium concentration of 6.9 mEq/L. The patient 
was transported to the postanesthesia care unit and 
made an uneventful recovery. Thirty minutes later, 
the serum potassium level was 3.6 mEq/L. 


Discussion 


It is unlikely the hyperkalemia seen in this case was 
due to hemolysis because the sample was obtained 
from a 20-gauge radial artery. Furthermore, the lab- 
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oratory did not report any evidence of hemolysis. 
Massive muscle trauma can cause hyperkalemia, but 
the trauma was sufficiently remote in this case, mak- 
ing this etiology unlikely. Closed-chest cardiopulmo- 
nary resuscitation could have elevated the serum 
potassium level, but the temporal association of the 
administration of the succinylcholine and the devel- 
opment of the ECG findings with cardiovascular 
collapse impute succinylcholine as the agent respon- 
sible for the hyperkalemia. The serum potassium 
levels of 6.9 mEq/L 12 min after succinylcholine 
administration and 3.6 mEq/L 30 min later are in 
agreement with the potassium efflux described by 
Gronert and Theye (1). 

Succinylcholine-induced hyperkalemia is a well- 
known phenomenon associated with certain patho- 
logic states. Burns (2), neuromuscular diseases (3), 
renal failure (4), severe intraabdominal infections (5), 
closed head trauma (6), and prolonged disuse (7,8) 
can all cause laboratory and clinical evidence of 
hyperkalemia shortly after the administration of a 
depolarizing neuromuscular blocking drug or acetyl- 
choline. Numerous reports (9,10) attest to the danger 
associated with the use of depolarizing neuromuscu- 
lar blocking drugs in patients with spinal cord 
trauma. When succinylcholine-induced hyperkale- 
mia associated with upper and lower motor neuron 
pathology is reported, it is associated with an identi- 
fiable paresis of some or all of the extremities (3,9,10). 
The current report is believed to be unique in that the 
patient was fully ambulatory and without a focal 
neurologic deficit. 

The administration of a nondepolarizing muscle 
relaxant before the administration of a depolarizing 
drug attenuates but does not ablate the hypersensi- 
tivity response described in denervated muscle (1). 
Despite the complete absence of fasciculations in our 
patient, he still manifested hyperkalemia of sufficient 
magnitude to cause cardiovascular collapse. 

When succinylcholine or acetylcholine is applied 
to muscle or to the end plate of an intact lower motor 
neuron unit, only the end plate depolarizes. Ten to 14 
days after denervation (11,12), and after a similar 
period of disuse (8), the entire muscle begins to act 
like an end plate when acetylcholine or succinylcho- 
line is applied to it (1). In denervated muscle, succi- 
nylcholine and acetylcholine depolarize the entire 
muscle membrane, and permeability increases dra- 
matically, liberating 20 times the potassium that nor- 
mal muscle liberates. This membrane hypersensitiv- 
ity may last 6-12 mo and perhaps longer if the disease 
process is progressive (3). Muscle atrophied by disuse 
produces similar but less exaggerated effluxes of 
potassium (1). 
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Although this patient was neither paraplegic nor 
bedfast, he manifested a response similar in magni- 
tude to those patients with muscular denervation and 
resultant end-plate proliferation. A brief period of 
upper or lower motor neuron dysfunction, coupled 
with only mild disuse, may be sufficient to initiate 
and maintain the proliferation of motor end plates 
with the attendant hypersensitivity response to de- 
polarization. 

Although a direct cause-and-effect relation be- 
tween succinylcholine and the hyperkalemic cardio- 
vascular collapse observed in this patient has not 
been absolutely conclusive, the temporal sequence of 
events observed in this patient points strongly 
toward a cause and effect. This case report suggests 
that caution should be used when administering 
depolarizing neuromuscular relaxants to patients 
who have apparently recovered from a recent upper 
or lower motor neuron disease process. Further, the 
administration of a low-dose nondepolarizing drug 
before a depolarizing drug may not prevent the 
hyperkalemic response seen with the use of depolar- 
izing drugs in these patients. The absence of focal 
neurologic deficits or significant muscular “disuse” 
atrophy does not ensure a “normal” response to a 
depolarizing muscular relaxant in similar patients. 
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ular vein is widely practiced for central venous 

access and flow-directed pulmonary artery 
catheter placement. This approach has many well- 
known advantages over the subclavian route (1). It 
also has the potential for several critical complica- 
tions, especially accidental arterial puncture. We re- 
port a case of vertebral artery pseudoaneurysm 
caused by internal jugular vein puncture. 


| Percutaneous catheterization of the internal jug- 


Case Report 


A 72-yr-old man entered the hospital because of acute 
exacerbation of chronic obstructive pulmonary dis- 
ease of 30-yr duration. On admission, analysis of 
arterial blood gases revealed pHa 7.42, Pao, 
35.8 mm Hg, Paco, 63.9 mm Hg, and a base excess of 
—12.4 mEq/L while the patient was breathing room 
air, indicating the terminal stages of pulmonary in- 
sufficiency. On the following day, the patient devel- 
oped circulatory shock with respiratory arrest and 
required cardiopulmonary resuscitation. To obtain 
central venous access, catheterization was attempted 
through the right internal jugular vein into the supe- 
rior vena cava. Because arterial blood was aspirated 
on the first attempt with a 22-gauge needle, manual 
compression was begun, and the catheter was placed 
through the right femoral vein. That night, a he- 
matoma was observed in the right neck region, along 
with a decrease in arterial blood pressure and hema- 
tocrit, requiring blood transfusion. The hematoma 
gradually enlarged over several days to the right 
scapular region, but conservative therapy was con- 
tinued. 

On the 70th day, the patient complained of pain 
and numbness in the right shoulder extending to the 
forearm, suggesting compression of the brachial plexus 
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by the hematoma. A computed tomography scan of the 
neck demonstrated a giant hematoma and compression 
of the internal jugular vein and trachea (Figure 1). 
Surgical removal of the hematoma was believed to be 
high risk in view of the severity of the pulmonary 
insufficiency (Pao, 40-80 mm Hg; Paco, 50-90 mm Hg; 
inspired O, concentration [Fi10,] 0.35-0.5, assisted by a 
respirator and synchronized intermittent mandatory 
ventilation mode) and the need for resuscitation several 
times. Digital subtraction angiography performed on 
the 104th day revealed a pseudoaneurysm, probably 
fed from the vertebral artery (Figure 2). Because the 
possibility of rupture was thought to be high, we 
believed that a surgical procedure was necessary de- 
spite the patient’s poor general condition. The cardio- 
vascular surgery staff was consulted, but the patient 
developed circulatory shock with a decrease in hema- 
tocrit. Rupture of the pseudoaneurysm was suspected, 
and an emergency operation was therefore performed. 

When the pseudoaneurysm was opened and the 
hematoma removed, a jet of arterial blood was ob- 
served from a hole with a diameter of approximately 
1 mm in the right vertebral artery. After clamping of 
the right subclavian artery, the site of hemorrhage 
was sutured and the operation completed (Figure 3). 
The procedure was relatively uncomplicated. The pa- 
tient’s general condition remained relatively stable in 
the intensive care unit using a respirator and catechol- 
amines (Pao, 70-125 mm Hg; Paco, 40-80 mm Hg; Fro, 
0.3-0.4), but his pulmonary insufficiency was exacer- 
bated suddenly on the 11th postoperative day, and the 
patient died despite attempts at cardiopulmonary re- 
suscitation. 


Discussion 


Although the method of internal jugular vein cathe- 
terization introduced by English et al. (2) and Jerni- 
gan et al. (3) was thought to have few complications, 
various complications have been reported, including 
pneumo-, hydro-, and hemothorax caused by punc- 
ture of the pleura (4,5); chylothorax as the result of 


©1992 by the International Anesthesia Research Society 
0003-2999/92/$5.00 


ANESTH ANALG 
1992;75:296-8 





Figure 1. Computed tomography scan of the neck showing giant 
hematoma (arrows) and compression of the internal jugular vein 
(enhanced) and trachea. 
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Figure 2. Digital subtraction angiography showing pseudoaneu- 
rysm (arrows) fed from the vertebral artery. 


thoracic duct injury (6); Horner’s syndrome, probably 
caused by compression by hematoma or direct needle 
injury (7); and hematoma at the puncture site (8). A 
case of fistula formation between the inferior thyroid 
artery and internal jugular vein (9) and a case of 
puncture of the ascending cervical artery (10) have 
also been reported. Because there are many arteries 
and veins in the neck region, undetected injuries of 
these vessels may occasionally occur. Moreover, be- 
cause the vertebral artery is surrounded by a very rich 
network of veins, there are several reports of verte- 
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Figure 3. Photograph taken during the operation. The point of 
hemorrhage has been sutured (arrow) after removal of blood clot in 
the pseudoaneurysm. 


bral arteriovenous fistula (11-13). Most of these cases 
occurred after heart surgery with extracorporeal cir- 
culation; that is, systemic heparinization was per- 
formed after accidental injuries of arteries and prob- 
ably caused and aggravated such complications. 
Amaral et al. (14) reported a case of vertebral artery 
pseudoaneurysm as a complication of subclavian vein 
catheterization. That case was described in a female 
patient who received total knee replacement because 
of an infected knee prosthesis. She seemed to have 
no hemorrhagic tendency. There was no evidence of 
disseminated intravascular coagulation, and systemic 
heparinization was never performed. Nevertheless, 
this hematoma occurred. Our patient also had no lack 
of capacity for hemostasis. These two cases suggest 
the possibility of complications with injury of the 
arteries, even in those with normal hemostasis and 
those who undergo common operations without sys- 
temic heparinization. The reason for this seems to be 
the anatomic construction of the vertebral artery. The 
vertebral artery arises as the first branch of the 
subclavian artery and courses cephalad between the 
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Figure 4. The anatomy of the ii region. IJ-V, internal jugular 
vein; EJ-V, external jugular vein; C-A, common carotid artery; V-A, 
vertebral artery; SC-A, subclavian artery; IT-A, inferior thyroid 
artery; AU-A, ascending cervical artery; M1, sternocleidomastoid 
muscle; M2, anterior scalene muscle; M3, medial scalene muscle; 
M4, posterior scalene muscle; Thy, thyroid gland. (Reprinted with 
permissicn from von Kahle W, Leonhardt H, Platzer W. Taschen- 
atlas der Anatomie. Stuttgart: Georg Thieme Verlag, 1979, page 
181, with some modifications.) 


longus colli medially and the anterior scalene muscle 
laterally, following its ascent through the foramina of 
the transverse processes of C-6 to C-1. This extra- 
spinous portion of the artery, approximately 4 cm, 
lies deeper than other vessels, and hemosiasis is 
difficult to achieve by manual compression. The anat- 
omy in this region of the neck is shown in Figure 4. 
The vertebral artery (V-A) lies slightly more medially 
and deeper than the internal jugular vein (I-V). 
Moreover, the internal jugular vein is also located 
adjacent to the common carotid artery (C-A) and 
crosses under the inferior thyroid artery (IT-A). The 
ascending cervical artery (AC-A) is often a branch of 
the inferior thyroid artery, with the junction situated 
on the anterior scalene muscle (M2) and beneath the 
interna! jugular vein. Therefore, accidental injuries of 
these vessels may occur during attempts at internal 
jugular vein cannulation in the wrong direction and 
at the wrong depth. In our case, although puncture 
was of course performed by a well-trained operator, 
conditions were not favorable because it was per- 
formed during external chest compression. There- 
fore, the needle is thought to have been shifted 
slightly inward and deeper, resulting in the puncture 
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of the vertebral artery. To avoid this complication, 
care should be taken not to insert the needle too 
deeply or penetrate the internal jugular vein. More- 
over, it is important to exert sufficient manual com- 
pression on the puncture site to prevent serious 
complications at an early stage; however, the fact 
must be kept in mind that hemostasis by manual 
compression is anatomically difficult to achieve, as 
mentioned previously. In addition, because pseudoa- 
neurysm differs from true aneurysm in that it lacks a 
specific three-layer structure (15), it enlarges progres- 
sively when left untreated and finally leads to rup- 
ture, as in our case. Thus, when a puncture of one of 
the arteries is strongly: suspected and a large he- 
matoma is created, intensive follow-up care, such as 
radiographic examination, computed tomography 
scanning, and angiography, should ensue. 


References 


1. Defalque RJ. Percutaneous catheterization of the internal jug- 
ular vein. Anesth Analg 1974;53:116-21. 

2. English ICW, Frew RM, Pigott JF, Zaki M. Percutaneous 
catheterisation of internal jugular vein. Anaesthesia 1969;24: 
521-31. 

3. Jernigan WR, Gardner WC, Mahr MM, Milburn JL. Use of the 
internal jugular vein for placement of central venous catheter. 
Surg Gynecol Obstet 1970;130:520-4. 

4. McGoon MD, Benedetto PW, Greene BM. Complicatidn of 
percutaneous central venous catheterization: a report of two 
cases and review of the literature. Johns Hopkins Med J 
1979;145:1-6. 

5. Hopkins RB, Parkin CE. Hydrohemothorax following percuta- 
neous internal jugular vein cannulation recognized by intrave- 
nous pyelography. Anesth Analg 1978;57:507-11. 

6. Khalil KG, Parker FB, Mukherjee N, Webb WR. Thoracic duct 
injury. A complication of jugular vein catheterization. JAMA 
1972;221:908-9. 

7. Parikh RK. Horner’s syndrome. A complication of percutane- 
ous catheterisation of internal jugular vein. Anaesthesia 1972; 
27:327-9. 

8. Brown CS, Wallace CT. Chronic hematoma—a complication of 
percutaneous catheterization of the internal jugular vein. An- 
esthesiology 1976;45:368-9. 

9. Ortiz J, Dean WF, Zumbro GL, Treasure RL. Arteriovenous 
fistula as a complication of percutaneous internal jugular vein 
catheterization: case report. Milit Med 1976;141:171. 

10. Wisheart JD, Hassan MA, Jackson JW. A complication of 

taneous cannulation of the internal jugular vein. Thorax 
1972;27:496-9. 

11. Piechowiak H, Buchels H, Ingrisch H, Hess H. AV-Fistel der 
arteria vertebralis: eine seltene Komplikation nach zeniral- 
venoser Katheterisierung. Anaesthesist 1984;33:327-9. 

12. Dodson T, Quindlen E, Crowell R, McEnany MT. Vertebral 
arteriovenous fistulas following insertion of central monitoring 
catheters. Surgery 1980;87:343-6. 

13. Baleriaux-Waha D, Jeanmart L, Brihaye J, Henneaux J. Trau- 
matic arteriovenous fistulas of the vertebral artery. Neuro- 
radiology 1976;11:83-5. 

14. Amaral JF, Grigoriev VE, Dorfman GS, Carney WI. Vertebral 
artery pseudoaneurysm. A rare complication of subclavian 
artery catheterization. Arch Surg 1990;125:546~7. 

15. Titus JL, Kim H. Blood vessels and lymphatics. In: Kissane JM, 
ed. Anderson’s pathology. 8th ed. St. Louis: Mosby, 1985:707. 


Craniotomy in a Patient With Eisenmenger’s Syndrome 


Mark A. Chaney, MD 


Department of Anesthesiology, Loyola University Medical Center, Foster G. McGaw Hospital, Maywood, Illinois 


isenmenger’s syndrome, as defined by Wood 

(1) in 1958, is the presence of high pulmonary 

vascular resistance associated with pulmonary 
hypertension at or close to systemic values, with a 
reversed or bidirectional shunt at the aortopulmo- 
nary, interventricular, or interatrial levels. The syn- 
drome is rare. Death usually occurs in the third or 
fourth decade of life; survival to age 63 yr has been 
documented, but this is exceptional (2-5). The main- 
stay of therapy is heart-lung transplantation, and 
Eisenmenger’s syndrome is currently the most com- 
mon entity requiring this procedure (6-8). Most case 
reports of noncardiac operations in patients with 
Eisenmenger’s syndrome involve obstetrics (9-17). 
The balance of case reports have detailed relatively 
minor procedures (18-23). Morbidity and mortality 
associated with all noncardiac operations in patients 
with Eisenmenger’s syndrome remain very high (9- 
23). We describe here the first instance of the success- 
ful management of a patient with Eisenmenger’s 
syndrome undergoing a craniotomy for a large tem- 
poroparietal abscess. 


Case Report 


The patient was a 36-yr-old man with a left temporo- 
parietal abscess. Past medical history was significant 
for Eisenmenger’s syndrome. His last cardiac cathe- 
terization, 11 yr before, revealed systemic pulmonary 
artery pressures. He had no other medical problems 
and denied any previous operations. Medications 
included theophylline, enalapril, digoxin, phenytoin, 
dexamethasone, and multiple antibiotics. Physical 
examination was remarkable for systolic and diastolic 
murmurs, clubbing, central cyanosis, Janeway le- 
sions, and Wernicke’s aphasia. He had polycythemia 
(hemoglobin 21.3 g/dL; hematocrit 63.1%) and throm- 
bocytopenia (platelets 111,000/mm”). A coagulation 
disorder was also discovered. The prothrombin time 
and partial thromboplastin time were increased 
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(12.7/27.8 s), as was the bleeding time (>15 min). 
Fibrin split products were mildly increased, and 
fibrinogen and Factor VII levels were mildly de- 
creased. With an Fro, of 0.2, pHa was 7.49, Paco, 
28 mm Hg, and Pao, 41 mm Hg (81% saturation). All 
blood cultures were negative. 

An electrocardiogram revealed sinus rhythm, 
right-axis deviation, right ventricular hypertrophy, 
incomplete right bundle branch block, and nonspe- 
cific ST segment changes. Chest radiograph showed 
the heart size to be normal, but the pulmonary artery 
segments were “enormous.” There were no infil- 
trates. Transthoracic echocardiography (two-dimen- 
sional, M-mode, Doppler) revealed a large ventricular 
septal defect (>2 cm) with a bidirectional shunt. The 
great vessel orientation was normal. Right ventricular 
hypertrophy, marked right ventricular enlargement, 
and marked right atrial enlargement were present. In 
contrast, the left ventricular size was normal. Severe 
pulmonary hypertension with pulmonic regurgita- 
tion was documented. The aortic, mitral, and tricus- 
pid valves were normal. Magnetic resonance imaging 
revealed a large left temporoparietal abscess (5-cm 
diameter) with accompanying mass effect and edema. 

A consultant hematologist believed that the coag- 
ulation defects were secondary to a low-grade dis- 
seminated intravascular coagulation, coupled with 
vitamin K deficiency. Therapy with cryoprecipitate, 
platelets, and phlebotomy before surgery was recom- 
mended. After these interventions, the hematocrit 
and coagulation tests returned to normal values. 

All medications were continued on the morning of 
surgery. No preoperative sedation was given. A right 
subclavian single-lumen catheter had been placed by 
the surgical service the night before. All intravenous 
lines were meticulously deaired. Additional monitor- 
ing included a right radial 20-gauge arterial line, 
central venous pressure measurements from the right 
subclavian line, a precordial Doppler probe, and a 
Foley catheter. A pulmonary artery catheter was not 
inserted. Preinduction hemodynamics were arterial 
blood pressure 140/60 mm Hg (mean 110), heart rate 
70 beats/min (sinus rhythm), and central venous 
pressure 18 mm Hg. Oxygen saturation was 85% 
while breathing room air. Induction of anesthesia 
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was accomplished with a high-dose narcotic tech- 
nique. Fentanyl and midazolam were administered 
slowly while the patient spontaneously breathed 
100% oxygen. Once consciousness was lost and con- 
trolled ventilation through a mask proved easy, vecu- 
ronium was administered intravenously for muscle 
relaxation. Before laryngoscopy, 100 ug/kg of fenta- 
nyl and 6 mg of midazolam had been administered 
intravenously with essentially no change in hemody- 
namics. Oxygen saturation at this time had increased 
to 97%. Laryngoscopy and tracheal intubation were 
then performed easily without hemodynamic 
change. Mechanical ventilation was initiated with a 
tidal volume of 10 mL/kg and at a rate to maintain 
hyperventilation. After tracheal intubation with an 
Fio, of 1.0, pHa was 7.53, Paco, 25 mm Hg, and Pao, 
159 mm Hg. A transesophageal echocardiography 
probe was then placed easily, and verification of the 
preoperative transthoracic echocardiography report 
was documented. The probe was then removed. The 
supine position was maintained throughout the pro- 
cedure, with the head turned to the right. 

Hemodynamics remained unchanged during ini- 
tial surgical incision and craniotomy. The first 2 h of 
the operation were uneventful. During this time, 
oxygen saturation was extremely sensitive to changes 
in mean arterial pressure and central venous pres- 
sure. As long as the mean arterial pressure was 
>90 mm Hg and the central venous pressure was 
>16 mm Hg, the oxygen saturation remained be- 
tween 95% and 100%. If allowed to decrease below 
these values, oxygen saturation decreased precipi- 
tously to 70%-80%. During the first 2 h of the 
operation, there was very little ongoing blood loss, so 
that intravascular volume was maintained with intra- 
venous crystalloid administration. 

Approximately 2.5 h into the procedure, blood loss 
occurred fairly rapidly. At this time, the mean arterial 
pressure decreased to 70 mm Hg, and the central 
venous pressure decreased to 12 mm Hg. The heart 
rate increased to 110 beats/min, maintaining sinus 
rhythm. With an Firo, of 1.0, pHa was 7.45, Paco, 
30 mm Hg, Pao, 41 mm Hg, and hematocrit 27% 
(starting hematocrit was 40%). Rapid administration 
of packed red blood cells over the next hour restored 
hemodynamics to preinduction values with signifi- 
cant improvement in arterial blood gases. A total of 
7 U of packed red blood cells was administered along 
with supplemental platelets, fresh-frozen plasma, 
and cryoprecipitate. At no time were vasoactive med- 
ications required. Hemostasis was eventually se- 
cured, and the operation proceeded without incident. 
Urine output was well maintained throughout the 
entire operation, which lasted just over 5 h. Contin- 
uous monitoring by precordial Doppler never re- 
vealed signs indicative of venous air embolism. 
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On arrival at the recovery area, hemodynamics 
were arterial blood pressure 140/80 mm Hg (mean 
116), heart rate 72 beats/min (sinus rhythm), and 
central venous pressure 15 mm Hg. With an Fro, of 
1.0, pHa was 7.38, Paco, 37 mm Hg, Pao, 61 mm Hg, 
and hematocrit 48%. The patient did extremely well 
in the immediate postoperative period. Extubation of 
the trachea occurred on postoperative day 2 after 
tolerating weaning without difficulty. He retained full 
neurologic function and sustained a significant im- 
provement in mental status. 


Discussion 


Of the few case reports concerning noncardiac sur- 
gery in patients with Eisenmenger’s syndrome, most 
involve obstetrics. Mortality in these selected cases is 
high, approximately 30% for vaginal delivery and up 
to 75% for cesarean section (9-17). The balance of case 
reports have been concerned with relatively minor 
procedures (18-23). Morbidity and mortality associ- 
ated with all noncardiac operations in patients with 
Eisenmenger’s syndrome remains very high (9-23). 
Regional as well as general anesthesia has been 
utilized with varying degrees of success. Before ad- 
ministering anesthesia to a patient with Eisen- 
menger’s syndrome, one must comprehend the 
pathophysiology involved and the unique complica- 
tions that may develop (9,18,21—26). Of prime impor- 
tance hemodynamically is control of shunt direction, 
maintenance of normovolemia, maintenance of a 
stable heart rate, and avoidance of myocardial de- 
pression. These patients are at risk for thromboem- 
boli, paradoxic emboli, endocarditis, and arrhyth- 
mias. One must also decide whether or not to use a 
pulmonary artery catheter during management. 
Shunt direction in Eisenmenger’s syndrome is de- 
termined by the balance between the pulmonary and 
systemic vascular resistances (1,18,21,24,26). An in- 
crease in right-to-left shunting worsens cyanosis, and 
an increase in left-to-right shunting induces right 
ventricular failure. Most authorities believe that the 
pulmonary vascular resistance is fixed (high) from 
long-standing pulmonary hypertension (1,10, 
18,21,24,26). There is some evidence, however, that 
the pulmonary vasculature remains reactive. Midwall 
et al. (11) found the pulmonary vasculature of a 
28-yr-old parturient with Eisenmenger’s syndrome to 
be reactive (i.e., vasodilate) to oxygen. Wong et al. 
(27) similarly showed in four patients with Eisen- 
menger’s syndrome the ability of the pulmonary 
vasculature to vasodilate to nifedipine. Clinically, 
however, it is safe to assume that the pulmonary 
vascular resistance will be fixed. The systemic vascu- 
lature, in contrast, remains normally reactive. Thus, 
if systemic vascular resistance decreases, cyanosis 
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will occur (implies increased right-to-left shunting), 
and if systemic vascular resistance increases, right 
ventricular failure will ensue (implies increased left- 
to-right shunting). Epidural anesthesia with local 
anesthetics has been used successfully during man- 
agement of these patients as long as initiation of 
sympathetic blockade was gradual and normovol- 
emia was maintained (10,11,13,16,23). It is tempting 
to formulate an intraoperative plan where worsening 
cyanosis will be treated with vasoconstrictors. This 
has been done with mixed results. Case reports by 
Bird and Strunin (19) and Blake et al. (28) detail 
deterioration in patients given metaraminol and phe- 
nylephrine, respectively, whereas Skinner et al. (20) 
document improvement in a patient given phenyl- 
ephrine. It is apparent that patients with Eisenmen- 
gers syndrome do not respond in a predictable 
manner to vasoactive medications, and it is prudent 
to avoid their administration whenever possible, as 
we did in our patient. Increases in systemic vascular 
resistance due to surgical stimulation with associated 
increased sympathetic outflow, inducing right ven- 
tricular failure, was also one of our concerns. We 
chose a high-dose narcotic technique to establish a 
deep level of anesthesia to blunt sympathetic re- 
sponse to craniotomy without inducing myocardial 
depression. 

Control of shunt direction in patients with Eisen- 
menger’s syndrome is best accomplished by mainte- 
nance of normovolemia (18,21,23,24). Hypovolemia 
tends to increase right-to-left shunting, and hyper- 
volemia tends to increase left-to-right shunting. Our 
patient was an excellent example of this concept. If 
the mean arterial and central venous blood pressures 
were allowed to decrease, desaturation quickly en- 
sued, implying increased right-to-left shunting. Dur- 
ing the period of rapid blood loss, significant desat- 
uration occurred that resolved once normovolemia 
was reestablished. If strict attention is paid to main- 
tenance of normovolemia, there will be no need to 
administer vasoactive medications that will have un- 
predictable effects. 

Maintenance of a stable heart rate (sinus rhythm 
preferable) is also important, because bradycardia or 
tachycardia may cause unpredictable changes in 
shunt direction (19). Myocardial depression is also to 
be avoided. It is important to understand that in 
these patients it is the right ventricle, which must 
eject against an elevated pulmonary vascular resis- 
tance, and not the left ventricle that is at risk for 
failure (1,9). 

Patients with Eisenmenger’s syndrome are partic- 
ularly susceptible to complications arising from em- 
boli (9,10,17,23). Thromboemboli are perhaps the 
most common cause of morbidity and mortality and 
are formed in the vascular system as a consequence of 


CASE REPORTS 301 


polycythemia from long-standing cyanosis. Phlebot- 
omy is frequently performed to reduce the risk of 
thromboembolism. Anticoagulation with heparin or 
coumadin is also an option. Polycythemia may also 
initiate disseminated intravascular coagulation. With 
such a significant risk for paradoxic emboli, meticu- 
lous deairing of access lines is mandatory (29). The- 
oretically, nitrous oxide should be avoided but has 
been utilized during management of these patients 
without untoward effects (18,19,21,22). Leaving the 
transesophageal echocardiography probe in place 
throughout the procedure as a monitor for venous air 
embolism and paradoxic air embolism was an option. 
We believed, however, that the precordial Doppler 
probe was sufficiently sensitive and that any venous 
air embolism detected in our patient would necessar- 
ily be considered paradoxic. We were also concerned 
about possible complications from prolonged use of 
the probe with the head turned laterally, because 
transient vocal cord paralysis under similar circum- 
stances has been reported (30). 

As is the case with other congenital heart defects, 
prophylactic antibiotics must be administered peri- 
operatively to combat bacterial endocarditis (31). 

Arrhythmias are frequently encountered during 
management, most commonly atrioventricular nodal 
block and bundle branch block, and are poorly toler- 
ated (1). 

A decision must be made concerning the use of a 
pulmonary artery catheter in the anesthetic manage- 
ment of a patient with Eisenmenger’s syndrome. 
Some believe them to be necessary, and pulmonary 
artery catheters have been used in selected cases 
(9-11,15-17). It is this author’s opinion, and one 
shared by others, that utilization of a pulmonary 
artery catheter in a patient with Eisenmenger’s syn- 
drome will garner little useful information and carries 
with it very significant risks, such as thrombosis with 
embolization, pulmonary artery rupture, and ar- 
rhythmia initiation (9,21,32-35). Indeed, Devitt et al. 
(17) details a case in which a patient with Eisen- 
menger’s syndrome died immediately on attempted 
withdrawal of a pulmonary artery catheter on the 
fourth postoperative day. Permission for autopsy was 
denied, and the authors postulated that thrombosis 
with embolization was the probable cause of death. 
We believed that monitoring central venous pressure 
was Sufficient, especially with the understanding that 
the right ventricle, not the left ventricle, was at risk 
for failure. 

In summary, we present here the successful anes- 
thetic management of a patient with Eisenmenger’s 
syndrome secondary to a ventricular septal defect 
who underwent a craniotomy for removal of a large 
temporoparietal abscess. A complete understanding 
of the pathophysiology involved and the unique 
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complications that may develop is essential. Hemo- 
dynamically, of utmost importance is maintenance of 
normovolemia, prevention of right ventricular fail- 
ure, and avoidance of vasoactive medications. Com- 
plications that may develop include thromboemboli, 
paradoxic emboli, endocarditis, and arrhythmias. 
With strict attention to detail, these very high-risk 
patients can be managed successfully during major 
noncardiac surgery. 
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Letters to the Editor 





A “New” Needle? 


To the Editor: 


In your January 1992 issue, a letter by Eldor, Guedj, and 
Gozal (1) described what appeared to be a new concept: to 
perform a subarachnoid block in parturient patients, fol- 
lowed by the insertion of a catheter into the epidural space 
for later injection of local anesthetics. This was accom- 
plished with one single puncture done through a special 
needle. It happens that neither the concept nor the needle 
are new; Torrieri and Aldrete (2) first reported them, and 
Eldor and Chaimsky (3) wrote a similar paper that was 
published a few months later. 

Eldor, Gozal, Guedj, Pode, and Cotev (4) wrote almost 
the same description of the “new” concept and the “new” 
needle used in 13 patients having prostatectomy without 
mentioning the earlier descriptions, nor cross-referencing 
their own, earlier or late publication. 

Perhaps even for letters to the editor, authors should be 
required to sign a statement indicating that their ‘‘novel- 
ties” are not being published simultaneously elsewhere. 

Let editors follow their own precepts as noted on their 
own editorial (5). 


J. Antonio Aldrete, MD, MS 
Pain Management Center 
Humana Hospital-Destin 

Destin, FL 32541 


A. Torrieri, MD 

Anchorena 1586-8° A 
(1425) Capital Federal 
Republic of Argentina 
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In Response: 


Thank you for the opportunity to respond to the letter of 
Drs. Aldrete and Torrieri concerning our experience with 
the new combined spinal epidural needle (CSEN) (1). 
First, I would like to start from the end: Drs. Torrieri and 
Aldrete published a similar letter 3 years ago (2); so, this 
letter can be regarded as a duplication, although they didn’t 
mention their previous letter in their references. They have 
written that “it appears that the concept has been grasped 
all over the world.” I fully agree. However, it seems that 
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they are lacking some information concerning the com- 
bined spinal-epidural needle. 

Before January 1988 I sent a description of the “old” 
CSEN to the American Society of Regional Anesthesia 
which was published as an abstract (3), so that Drs. Aldrete 
and Torrieri cannot claim to have published before me on 
the basis of their letter (4). Besides, on their original 
publication there is no title. They added a title to their letter 
written 4 years later. Is this permissible according to “ethics 
in publishing” (5)? 

However, the picture is more complicated. In July 1987, 
Dennis W. Coombs and Neurodelivery Technology Inc., 
Tempe, Arizona, applied for a patent of a multilumen 
epidural-spinal needle (6). A letter concerning this needle 
was published in this journal (7). It is correct that all three 
needles described above (the CSEN, Torrieri and Aldrete’s, 
and Coombs’) are similar. However, they are different from 
the new CSEN, the “Eldor needle,” and that is the reason 
for this letter. 

I am sorry that Drs. Aldrete and Torrieri didn’t under- 
stand the difference between the “old” CSEN, which we 
described 4 years ago (8), and the new CSEN, named the 
Eldor needle. I have abandoned the concept of the old 
CSEN because of the danger of metallic particles in the 
spinal-epidural spaces using the needle-through-needle 
approach (9). In the old CSEN, as well as in the needles of 
Torrieri and Aldrete and of Coombs, some parts of the 
spinal conduit are bent. This can produce metallic particles 
because friction is created when the spinal needle is intro- 
duced through it. 

In the Elaor needle, which is the new CSEN, the guide 
spinal tube is straight and is positioned at the side of the 
needle. This shortens the distance between the tips of the 
epidural and the spinal needles, thus preventing bone 
puncture. ' 

Anyone who compares the drawings of the old CSEN (8) 
to that of the new CSEN (Eldor needle) (1) will notice the 
principal differences. That is why there was no need to 
mention the old CSEN in the clinical description of the use 
of the new CSEN. And that is why I didn’t mention the 
needle of Drs. Torrieri and Aldrete. 

Finally, some words about novelties and inventiveness: 
the letter describing the use of the Eldor needle in 10 
parturients for cesarean section (1) and that describing its 
use in 13 patients scheduled for prostatectomy (10) are the 
first descriptions ever of its clinical use. There was only one 
early description (in French) (11) and this was of the needle 
per se and not of its clinical use. 

I don’t think that examining the Eldor needle in young 
patients and old patients is a duplication of results that 
needs signing, as Drs. Aldrete and Torrieri suggest. Ac- 
cording to their logic, every paper testing the Tuohy needle 
is also a duplication. . 

I agree with Drs. Aldrete and Torrieri that letters to the 
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editor should include a statement that they are not being 
published simultaneously elsewhere, because I think some- 
times letters are more important and more vivid. . . as I 
hope is the case with this one. 


Joseph Eldor, MD 
Departmen: of Anesthesia 
Misgav Ladach General Hospital 
P.O. Box 12142 

Jerusalem $1120 

Israel 
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A Simple Method of MDI 
Administration in the 
Intubated Patient 


To the Editor: 


Metered dose inhalers (MDI) are currently appropriate 
alternatives to nebulizers for the administration of aero- 
solized bronchodilators because of their lower cost and 
relative ease of use. Several adapters are available to allow 
MDI use via the anesthesia circuit or endotracheal tube 
(ETT) of a tracheally intubated patient. A significant prob- 
lem with the MDIs involves the low percentage and vari- 
ability of actual drug delivery to the lungs. Much of the 
drug is deposited in the oropharynx of the nonintubated 
patient. In an intubated patient, the majority is deposited in 
the ETT or elbow connector. Estimates of drug delivery to 
the lung via MDI circuit adapters have ranged from 2.5% to 
12.3% (1-3) of the discharged dose, with variables includ- 
ing diameter and length of ETT, phase of ventilation, type 
of actuator, and drug particle size. 

A previously described method (3,4) of MDI administra- 
tion via a catheter ensures more efficient drug delivery for 
intubated patients. We would like to introduce a simple 
clinical system that allows utilization of this catheter 
method. Components include the standard MDI canister 
with a 35- or 60-mL syringe, a 12-in. 18-gauge intravenous 
catheter (different lengths may be required), and a bron- 
choscopy elbow port adapter (Figure 1). The intravenous 
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Figure 1. Individual components of the MDI administration sys- 
tem. 








Figure 2. Combined units of the MDI delivery system. Note the tip 
of the catheter extending a short distance beyond the tip of the 
endotracheal tube. 


catheter is connected to the syringe. The canister fits easily 
into the barrel of the syringe with the plunger acting as a 
trigger. The catheter is passed through the port adapter and 
down the ETT, where the MDI can be discharged by simply 
pushing on the plunger (Figure 2). Just as in routine oral 
use, bronchodilator discharge is maximally effective when 
the canister is in the upright position. Catheter length and 
placement should allow optimal drug delivery: outside the 
distal tip of the ETT and above the carina. Therefore, 
catheter length may vary according to anatomic variation 
and ETT length. The bronchoscopy adapter allows repeated 
administrations of drug during the inspiratory phase with- 
out excessive manipulation of the circuit. The circuit sam- 
pling port for the mass spectrometry or end-tidal CO, may 
allow passage of the catheter to the ETT tip as well. By 
minimizing drug exposure to the circuit and ETT, drug 
delivery should be considerably more efficient. Indeed, 
laboratory evaluations using the MDI with various exten- 
sions and catheters have shown improved estimated drug 
delivery to the lung ranging from 23.3% (4) to 96.7% (3). 
Based on this increased delivery efficiency, we recommend 
administration of no more than 2 puffs at a 30-min 


ANESTH ANALG 
1992;75:303-13 


dosing interval in adult patients to minimize the risk of 
toxicity using this method of delivery. 


Edwin Dunteman, MD, MS 

George Despctis, MD 

Department of Anesthesiology 

Washington Untoersity School of Medicine 
660 South Euclid 

Box 8054 

St. Louis, MO 63110 
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Reliability of the Slope of the End- 
systolic Pressure-Volume 


Relationship as Individual Index of 
Myocardial Inotropic State 


To the Editor: 


Mulier et al. (1) compared the cardiodynamic effects of 
propofol and thiopental in humans with a transesophageal 
echocardiographic approach. They used the end-systolic 
pressure-volume relationship (ESPVR) for measurement of 
myocardial contractility. The variables defining the ESPVR 
are its slope (Emax) and its intercept with the volume axis 
(Vo). Apparently, the authors only once calculated the 
volume axis intercept, i.e., at baseline, and assumed this 
intercept to remain constant throughout their protocol. 

Controversy exists as to which of the two variables, 
Emax or Vj, is the more reliable indicator of inotropic state. 
Altered inotropic state has been shown to affect Emax with 
no significant changes in V, in isolated canine left ventricles 
(2) and in open-chest dogs (3). Similar results have also 
been reported in conscious dogs (4) and in humans (5). 
Other studies, however, are less straightforward. Gross- 
man et al. (6) reported significant changes in both Emax 
and Vo with changing contractile state. Kass et al. (7) 
obtained similar results. Sagawa et al. (8) observed that 
both changes in Emax and a parallel shift of the ESPVR 
occurred with changes in contractility. This inconsistency 
of the slope and the volume intercept of the ESPVR as 
individual indexes of inotropic state has been confirmed by 
Crottogini et al. (9), who proposed the area beneath the 
ESPVR as a most consistent indicator of variations in 
inotropic state. It is of interest to note that the linearity of 
the ESPVR is now also questioned as improved techniques 
for ESPVR measurement have increasingly revealed a non- 
linear relationship (10,11). 

The complexity of the ESPVR is such that one should not 
rely on Emax as the single variable to demonstrate changes 
in myocardial contractility. Therefore, we believe that the 
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authors should have ascertained that no concomitant shift 
of V, had occurred with administration of propofol and 
thiopental. Calculation of Vy at each stage of the protocol, 
instead of assuming a constant Vj, would have added to 
the value of their results and provided a more irrefutable 
confirmation of the negative inotropic effects of propofol. 


Stefan G. De Hert, MD, PhD 
Karel M. Vermeyen, MD, PhD 
Department of Anesthesiology 
University Hospital Antwerp 
Wilrijkstraat 10 

B-2650 Edegem 

Belgium 
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A response was solicited from Dr. Mulier, but he has not 
responded. 


Use of a Wilson Convex Frame in 
Removing “Trretrievable”’ 
Epidural Catheters 


To the Editor: 


The anesthesia literature contains numerous case reports of 
difficulties removing epidural and spinal catheters. A re- 
cent letter to the editor described a method for removing 
otherwise irretrievable epidural catheters by passing a 
Tuohy needle over the catheter (1). As Shantha et al. 
suggest, shearing of the catheter resulting in the retention 
of catheter parts within the neuroaxis is a distinct possibil- 
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Figure 1. Wilson Convex Frame. 


ity. Before such an invasive and possibly disastrous method 
of catheter extraction is undertaken, we believe that other 
noninvasive means should first be attempted. We report 
the successful use of a noninvasive method for catheter 
retrieval using a Wilson Convex Frame (Zimmer, States- 
ville, N.C.). 

Case 1. A 21-yr-old woman with a term pregnancy 
requested epidural anesthesia for relief of labor pain. She 
had a history of scoliosis that was not evident on physical 
examination. Placement of a 20-gauge multiorifice epidural 
catheter through an 18-gauge Tuohy-Schliff needle via a 
midline approach at the L2-3 interspace was successful on 
the third attempt. The first two attempts were abandoned 
after the aspiration of blood from the in situ catheters. The 
catheter was advanced 4 cm cephalad into the epidural 
space without difficulty. Good segmental anesthesia to the 
T-10 level was obtained with bupivacaine. After vaginal 
delivery, initial attempts to remove the catheter were not 
successful. Several anesthesiologists tried to remove the 
catheter after placing the patient in a variety of positions 
(left and right lateral decubitus position with flexion, sit- 
ting, kneeling with hands down and back flexed, and 
variations with her back extended). Attempts at catheter 
removal were discontinued after it was apparent that trac- 
tion on the catheter was resulting in catheter lengthening. 
We reasoned that back muscle and ligament tension could 
cause a narrowing of the intervertebral spaces, thereby 
crimping the catheter. We further postulated that if the 
patient’s back could be flexed while her muscles and 
ligaments were relaxed, then the catheter could be ex- 
tracted. A Wilson Convex Frame (Figure 1) was obtained 
and placed on a gurney. The frame was adjusted to allow 
for maximal flexion. The patient was positioned prone over 
the frame (Figure 2) and allowed to relax for a few minutes. 
The catheter was then removed intact on the first attempt 
with minimal resistance and no further catheter lengthen- 
ing. No defect in the catheter was present. Further anes- 
thesia care was not required. 

Case z. A 22-yr-old woman with a term pregnancy opted 
for epidural anesthesia for labor pain management. A 
20-gauge epidural catheter was easily threaded cephalad 4 
cm through an 18-gauge Tuohy-Schliff needle via a midline 
approach at the L3-4 interspace. Excellent analgesia was 
obtained with a continuous infusion of bupivacaine/ 
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Figure 2. Wilson Convex Frame in use. 


sufentanil. Vaginal delivery was uncomplicated. As in the 
first case, the catheter was resistant to removal. Catheter 
stretching was evident during the attempted removal. 
Once again, multiple patient positions were tried, but to no 
avail. Based on the experience of the prior case, the Wilson 
Convex Frame was used in the manner described above. 
The intact catheter was then extracted from the patient 
without difficulty. 

The Wilson Convex Frame is a positioning device fre- 
quently utilized for back surgery. It allows the patient's 
back to be in a flexed position while paraspinal muscles and 
ligaments are relaxed. Application of the frame allowed us 
to easily withdraw two apparently irretrievable epidural 
catheters. We recommend this simple, noninvasive tech- 
nique before resorting to more invasive methods that could 
result in catheter shearing. 


Robert |. Start, MD 

Daniel J]. Greenberg, MD 
Norman L. Herman, MD, PhD 
Department of Anesthestology/SGHSA 
Wilford Hall USAF Medical Center 
Lackland AFB, TX 78236-5300 
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Labeling of Syringes to Prevent 
“Drug Swaps” 


To the Editor: 


Accidental injection of the wrong drug (“drug swap”) is 
one of the most common errors committed by anesthesiol- 
ogists. To reduce the likelihood for this error, I began 
instructing residents to label syringes with the drug label 
partially overlying the graduated volume markings (as 
shown on the bottom syringe in Figure 1). Placing the drug 
label in this position allows the drug name to be read (and 
even prompts the drug name to be read) as the drug is 
being injected. This is in contrast to the situation where the 
drug label is placed on the back side of the syringe away 
from the graduated markings (as in the top syringe). I find 
that residents usually place the label in this position so as 
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Figure 1. Labeled syringes. 


not to “obscure” the graduated markings. With this ar- 
rangement, the face of the drug label is not visible during 
syringe injections unless the syringe is rotated 180° during 
the injection process. Labeling the syringes with the label 
partially overlying the graduated markings also provides 
easy visibility of the drug labels when the syringes are 
placed on a flat surface. This is obviously a simple sugges- 
tion, yet it could prevent some serious mistakes. 


Terry W. Latson, MD 

Department of Anesthesiology 

University of Texas Southwestern Medical Center at Dallas 
5323 Harry Hines Boulevard 

Dallas, TX 75235-8894 


A Simple Device to Demonstrate the 
Law of Laplace 


To the Editor: 


The law of Laplace can be summarized in the following 
equation: P = 2T/R, where P is the pressure within a 
bubble, T is its surface tension, and R is the radius of the 
bubble (1). This law applies to the functioning of many 
organs and structures in the body, including the cardiac 
chambers and the pulmonary alveoli. Although Laplace’s 
law is ubiquitous and commonly referenced in anesthesia, 
many find it difficult to conceptualize. To facilitate its 
understanding, we have designed a simple device to aid in 
illustrating the implications of this law (see Figure 1). 

One can take the barrel of a syringe and cut off both ends 
with a saw. An orifice is drilled in the middle of the barrel. 
Two similar balloons are slipped over each end and secured 
with tape. They are inflated by blowing through the orifice 
which is then quickly covered by a finger. By squeezing one 
balloon against the other, one can tangibly experience the 
radius, wall tension, wall thickness, distending pressure, 
and compliance of each balloon. Furthermore, one can 
appreciate that the smaller balloon tends to empty into the 
larger balloon and that more pressure is required to expand 
the smaller one. This device has been particularly useful in 
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Figure 1. The thumb is obstructing the orifice to prevent the 
balloons from deflating. 


teaching pulmonary alveolar physiology and cardiac ven- 
tricular function in the anesthesia classroom. 


Rafael Ortega, MD 
Department of Anesthesiology 
Boston Universaty Medical Center 
88 East Newton Street 

Boston, MA 02718 
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The 3.5/4.5 Modification for 
Fiberscope-Guided Tracheal 
Intubation Using the Laryngeal 
Mask Airway 


To the Editor: 


We read wit interest the letter by Benumof (1), concerning 
using the laryngeal mask airway (LMA) to facilitate fiberop- 
tic tracheal irtubation. We have used a modified technique 
that allows removal of the LMA while retaining the endo- 
tracheal tube (ETT) for intraoral surgery. 

Ordinarily, there is insufficient length of exposed ETT to 
allow the anesthesiologist to grasp the tube in the mouth 
before the proximal end is lost within the LMA. To over- 
come this problem in our pediatric practice, we have 
devised the “3.5/4.5” solution. This combination of tracheal 
tube sizes acts as “extenders” for a previously placed 
tracheal tube. After fiberoptic intubation through the LMA, 
the bronchoscope is withdrawn and an extender is pressed 
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into or over the exposed proximal end of the tracheal tube. 
The LMa is then removed over the extended tracheal tube. 
The extender is replaced by a standard connector and the 
patient is reattached to the anesthetic circuit. 

Using an Olympus PF-27 S bronchoscope through a size 
2 LMA, intubation can be achieved with tube sizes of 
3.5-4.5-mm ID. The 3.5-mm-ID ETT can be extended with a 


4.5-mm-_D ETT placed over the outside of the positioned ` 


ETT. Similarly, a 4.5-mm-ID ETT can be extended with a 
3.5-mm ITT inside the existing ETT. A cuffed 6.0-mm ETT 
will pass through the size 3 and size 4 LMA, and a 5.0-mm 
tube placed inside acts as a suitable extender. Should the 
size of the ETT be inadequate, either a gum elastic bougie or 
a tracheal tube exchanger can be inserted within the ETT 
and exchanged for the appropriate-sized tube. 

It is a prerequisite to success in this technique that the 


LMA is correctly positioned in the patient (2). We encour- 


age anesthesiologists to develop skills in inserting, posi- 
tioning, and maintaining the airway via the LMA in routine 
cases before attempting this technique on a potentially 
difficult airway. 

Graham D. Chadd, MB, ChB 

Andrew J. Walford, MB, ChB 

David L. Crane, MD 

Departmer-t of Anesthesiology 

The Children’s Hospital of Oklahoma 

940 NE 12th Street, 4 Bielstein, Room 138 

Oklahoma City, OK 73104 
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Effect of Propofol in Brainstem 
Auditory Evoked Responses 


To the Editor: 


Dr. Tharnton and his colleagues studied the effect of 
propofol (Diprivan) to assess its effect on brainstem audi- 
tory evoked responses (BAERS) (1). They noted prolonga- 
tion of wave II and V latencies with normal MI-V interpeak 
interval. They concluded that propofol has little effect on 
the brainstem in that the M-Y interpeak interval did not 
change significantly. However, no explanation was given 
for the delayed latencies of waves M and V. Further, it is 
not clear from the report whether the [I-III interpeak la- 
tency, which is a measure of lower brainstem transmission, 
was prolonged or not. Savoia et al. (2) noted that wave I 
latency was increased and they attributed this to the effect 
of nitrous oxide. Chassard et al. (3) noted that peak 
latencies of I, I, and V increased significantly compared 
with cortrol values but interpeak intervals were not signif- 
icantly affected. They concluded that this was an indication 
of delayed neuronal events, probably at the sites of synap- 
tic transmission, and a definite alteration in brainstem 
function. The patients in these studies were all premedi- 
cated and the patients in the studies by Thornton et al. and 
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Figure 1. Brainstem auditory evoked responses. A. Preoperative 
(normal). B. Intraoperative, showing marked wave suppression. 
C, D. Return of waveforms and prolongation of wave I. E. Two 
hours after surgery demonstrating return of all waves. Latency of 
wave I remains prolonged. 


Savoia et al. received other anesthetic agents in addition to 
propofol. 

We monitored BAERS in five patients who were unpre- 
medicated and received single intravenous bolus doses of 
propofol (2 mg/kg) just before preauricular facial and ret- 
robulbar blocks for cataract surgery. In the first minute after 
the administration of propofol, all the waves were sup- 
pressed in one patient (Figure 1); all the waves except wave 
V were suppressed in another patient; and wave II was 
abolished in all five patients. In four patients the latency of 
wave I was prolonged for several hours. All the patients 
were apneic in the first minute after the intravenous bolus. 
The interpeak intervals were not prolonged. Our findings 
suggest that propofol suppresses at least the lower brain- 
stem, abolition of wave II indicating medullary suppres- 
sion. This probably supports the clinical observation of 
apnea in a significant number of these patients. The pro- 
longation of wave I suggests the possibility of an endoco- 
chlear effect of propofol (4). We believe that in the study of 
Savoia et al. (2) the prolongation of wave I was at least 
partly due to the effect of propofol. In the study reported by 
Chassard et al. (3), because interpeak latencies were not 
significantly prolonged, the prolongation of the latencies of 
waves I, II, and V was due simply to prolongation of wave 
I. 

These observations at least suggest caution in the use of 
propofol for brainstem surgical procedures. Prospective 
studies, both long and short term, of unpremedicated 
patients who receive only the propofol are warranted. 


R. V. Reddy, MD 

5. S. Moorthy, MD 

S. F. Dierdorf, MD 

R. D. Yee, MD 

Linda Link, EEG-EPT 

Departments of Neurology, Anesthesiology, and Ophthalmology 
RLR, VA Medical Center and Indiana University Medical Center 
1481 West 10th Street 

Indianapolis, IN 46202 
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When Is a Fact, in Fact, a Fact? 


To the Editor: 


An editorial in a peer-reviewed journal such as Anesthesia & 
Analgesia has the ring of truth, handed down. Thus when | 
came across the “fact” that hypokalemic patients had an 
increased incidence of ventricular arrhythmias with hypox- 
emia (Sao, saturation < 90%) (1), I wanted to believe that 
this fact, like many others, had simply escaped me. 

Curiosity got the better of me, however. I was amazed to 
find in the referenced article (2), absolutely nothing sup- 
porting the above “fact.” Indeed, the article, which dis- 
cusses ventricular ectopy in sleep apnea patients, contains 
the following: “While diuretics were being used to treat 
hypertension in 15 patients (48%), all patients were 
normokalemic.” The summary includes this finding: “The 
PVC frequency showed no statistically significant increase 
until the Po, fell below 60%.” 

Now, hypokalemic patients may have an increased fre- 
quency of ventricular arrhythmias in the presence of hy- 
poxemia, but the referenced article is not the evidence 
promised. 


]. Bruce Laubach, MD 
Department of Anesthesioiagy 
Baylor University Medical Center 
3600 Gaston Avenue 

Dallas, TX 75246 
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In Response: 


In reply to the letter by Dr. Laubach regarding our editorial, 
there was, indeed, an error in reference citation. The 
sentence in which our references to Dr. Shepard’s papers 
(References 14 and 15) appear was, unfortunately, trans- 
posed during our final editing. We apologize for the error. 
The reference for an increase in ventricular ectopy with 
hypokalemia should be Reference 15 (Shepard JW Jr, et al., 
American Journal of Medicine [1]), in which Dr. Shepard 
and colleagues demonstrate a reproducible increase in 
ventricular ectopy in a hypokalemic patient with chronic 
obstructive pulmonary disease with desaturation to < 90%. 
Similarly, the absence of ventricular ectopy with desatura- 
tion to < 80% (Shepard JW Jr, et al., Chest 1985 [2]) refers 
to patients with obstructive sleep apnea. 
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We regret that this error was not caught in proofreading. 
We thank Dr. Laubach for bringing this to our attention. 


Phillip E. Scuderi, MD 
Donald S. Prough, MD 
David L. Bowton, MD 
Randy L. Anderson, PhD 
Department of Anesthesia 
Bowman Gray School of Medicine 
Wake Forest University 

Medical Center Boulevard 
Winston-Salem, NC 27157-1009 
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Plug It In! 


To the Editor: 


Eckhardt et al. (1) are to be commended for bringing to our 
attention the migration of an esophageal stethoscope as a 
possible cause of small bowel obstruction. They suggest 
taping monitoring devices or using retention devices to 
prevent such occurrences. | respectfully suggest another 
technique—keeping the esophageal stethoscope in continu- 
ity with the anesthesia care provider's ear! 

I have observed that over the past 10 years this has 
become a less common practice. Reliance is placed upon 
more sophisticated (i.e., electronic) monitors and less at- 
tention to direct patient monitoring using one’s own 
senses. Although we cannot so accurately quantify respira- 
tory and cardiovascular parameters using an esophageal 
stethoscope, it does offer an unpowered, continuous, and 
reliable means of assessing cardiopulmonary status (at least 
to the extent of go/no-go). It must, however, be continu- 
ously “plugged in” to the anesthetist who must be “turned 
on” to accrue this information. It provides invaluable 
feedback during periods of anesthetic practice when mon- 
itoring may be relatively austere, as in patient transport, 
practice in developing countries, and during military de- 
ployments. 

Plug it in! A simple remedy for esophageal stethoscope 
migration and enhanced patient care. 


Shepard B. Stone, MPS, PA 
Department of Anesthesiology 
Yale-New Haven Hospital 

Yale University School of Medicine 
333 Cedar Street 

P.O. Box 3333 

New Haven, CT 06510 
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In Response: 


We appreciate: Mr. Shepard Stone’s remarks .regarding 
patient monitoring with an esophageal stethoscope. We 
agree that continuous monitoring with a stethoscope is the 
goal, and this would have possibly prevented our compli- 
cation. However, in complex cases such as cardiac surgery, 
liver transplantation, and trauma resuscitation, the myriad 
of other tasks and duties that must be performed make 
continuous monitoring with an esophageal stethoscope 
impossible. In these cases, it seems reasonable to anchor 
the stethoscope with tape, and intermittently monitor the 
patient with it. 

William F. Eckhardt, MD 

Onofrio Patafio, MD 

Francisco Cigarroa, MD 

Department of Anesthesia 

Massachusetts General Hospital 

Fruit Street 

Boston, MA 02114 


What Caused the Unilateral 
Epidurogram and Bilateral 
Epidural Analgesia? 


To the Editor: 


We have read with interest the case report written by 
Peduto et al. (1). They described a case of bilateral analgesia 
and unilateral motor and sympathetic blockade after con- 
tinuous lumbar epidural anesthesia with the radiologic 
confirmation of unilateral spread of the contrast medium. 
To explain their observations that the postoperative con- 
trast image was not compatible with the development of 
clinical features, they hypothesized and concluded as fol- 
lows: (a} Unilateral contrast image resulted from the pres- 
ence of a dorsal midline band which acted as a diffusion 
barrier to the contrast medium. (b) Local anesthetics in- 
jected into’ the epidural space should extend only on the 
right side. (c) Left-sided analgesia might have resulted from 
the development of blockade for the pain sensation that 
originated from the left side within the spinal cord. 

We have a different idea as to the cause of the unusual 
clinical features. Their hypothesis can be challenged on the 
basis of the method of drug injection; contrast medium was 
injected through the epidural catheter, whereas the local 
anesthetic was injected through both the epidural needle 
and the catheter. In our opinion, first of all, the bolus 
injection of local anesthetics (12 mL of 0.5% bupivacaine) 
through the needle did cause the bilateral spread of anes- 
thetic solution and the subsequent bilateral analgesia. Sec- 
ond, when an epidural catheter is inserted 2 cm into the 
epidural space, the tip of the catheter would be located in 
the anterior epidural space. Thus, injection of an additional 
local anesthetic (5 mL of 0.5% bupivacaine) would extend in 
the cephalocaudad direction along the spinal canal rather 
than in the circumferential direction around the dura, and: 
subsequent profound unilateral motor and sympathetic 
blockade would develop. This observation has been re- 
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ported in animal experiments (2). If the location of the 
catheter tip or a lateral view of the contrast image had been 
examined. by Peduto et al., the etiology of the clinical 
features could have been clarified. Recently, we also con- 
firmed radiographically the location of a catheter tip in the 
anterior epidural space in a patient who showed unilateral 
epidural blockade from the T-10 to L-5 and S-2 to S4 
dermatomes (unpublished data). In addition, we reported 
that the median epidural septum is not a common cause of 
unilateral epidural blockade (3). We believe that the devel- 
opment of the unilateral contrast image was caused by the 
longitudinal spread of the contrast medium because of the 
location of the catheter tip in the anterior epidural space, 
not by the dorsal midline band. 

Fumio Asato, MD, PhD 

Fumio Goto, MD, PhD 

Department of Anesthesiology 

School of Medicine 

Kitasato Unroersity 

1-15-1 Kitasato, Sagamihara, Kanagawa, 228 

Japan 
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In Response: 


We thank Drs. Asato and Goto for their comments on 
our recent case report (1). 

Their interpretative hypothesis of the dislocation of the 
catheter tip into the anterior epidural space is quite inter- 
esting but, in our opinion, it does not apply to the clinical 
case we have observed on the grounds of the following 
considerations: 


1. If the bolus injection of bupivacaine through the needle 
had caused the bilateral spread of the anesthetic solution, 
a bilateral motor and sympathetic block of some degree 
would have appeared. The 12 mL, together with the test 
dose of 3 mL injected before, constitutes the 75% of the 
total anesthetic solution administered to the patient. 

2. The previous attempt of epidural anesthesia, made with 
a bolus injection of 12 mL of 0.5% bupivacaine through 
the Tuohy needle, failed because unilateral sensory and 
motor block occurred. 

3. Indeed, an epidurographic examination in the lateral 
view had been made, but the lack of radiopacity of the 
catheter did not allow us to better define the position of 
the tip in the epidural space; in addition, the radiogram 
did not seem to support an exclusive or prevalent 
distribution of the dye on the anterior side of the 
epidural space. 

In conclusion, we think the occurrence of catheter tip 
misplacement into the anterior compartment of the epidu- 
ral space is possible, as experimentally documented (2). 
Nevertheless, we would like to emphasize that even if this 
had occurred, we could not explain the lack of a bilateral 
motor and sympathetic block of some degree after 75% of 
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the total dose of anesthetic solution had been injected 
through the Tuohy needle without admitting the presence 
of a median fold of the dura mater in the epidural space. 


Vito A. Peduto, MD 

Riccardo Tani, MD 

Luciana Marinelli, MD 

Sergio Pani, MD 

Institute of Anesthesia and Intenstve Care 
University of Cagliari, School of Medicine 
Ospedale S. Giovanni di Dio 

Via Ospedale, 09124 Cagliari 

Italy 


References 


1. Peduto VA, Tani R, Marinelli L, Pani S. Bilateral analgesia and unilateral 
paresis after lumbar epidural blockade. Anesth Analg 1992;74:294—6. 

2. Usubiaga JE, Dos Reis A, Usubiaga LE. Epidural lacement of 
catheters and mechanisms of unilateral block. Anesthesiology 1970;32: 
158-61. 


Reinserting a Catheter Into a Single- 
Use Adapter: An Unsafe Method 


To the Editor: 


Kirchhoff and Stillwell (1) described a method of reinserting 
a catheter into a single-use adapter of a Continuous Spinal 
Anesthesia Tray (Kendall Healthcare Products Company, 
Mansfield, Mass.). They insert a sterile 22-gauge spinal 
needle retrograde through the silicon bushing. The stylet is 
then removed and the catheter is passed into the needle. 
The needle is removed, and the fitting is tightened again 
secure the catheter. i 

However, the adapter is not sterile anymore after its 
inadvertent disconnection, and it is a dangerous practice to 
reinsert the same adapter. The “cost of opening a new tray 
can be avoided,” but the cost of introducing some micro- 
organisms into the spinal space cannot be calculated. 

This problem was reported before (2), and the solution 
given was to use another adapter from the Portex Epidural 
Minipack, which also fits a smaller diameter catheter. 
Another solution is to use another sterile adapter that is 
separately packaged and supplied by Kendall Healthcare 
Products Company (3). 


Joseph Eldor, MD 

Department of Anesthesiology 
Hadassah Medical Center, Ein Karem 
P.O. Box 12142 

Jerusalem 91120 

Israel 
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. In Response: 


I wish to thank Dr. Eldor for indicating the lack of sterility 
of using an adapter (1). However, it is necessary to illus- 
trate that both the catheter and adapter become contam- 


LETTERS TO THE EDITOR 311 


inated. Consequently, there is still the miscalculated cost of 
introducing microorganisms into the spinal space with his 
suggested method. Perhaps it is more prudent to remove 
the catheter and replace the whole system. 


Gary T. Kirchhoff, MD 

Department of Anesthesiology 

College of Medicine 

University of South Florida 

12901 Bruce B. Downs Boulevard, MDC 59 
Tampa, FL 33612-4799 
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Contralateral Anesthesia Following 
Interscalene Block 


To the Editor: 


We would like to describe an unusual but potentially 
serious complication of interscalene approach to brachial 
plexus block. 

A 33-yr-old, moderately obese (height 168 cm, weight 
118 kg), “short necked,” but otherwise healthy gentleman 
was admitted for right distal clavicle resection. An inter- 
scalene brachial plexus block was performed as described 
by Winnie (1). Forty-five milliliters of 1.5% mepivacaine 
with epinephrine (1:200,000) and sodium bicarbonate (1:10 
by volume) was injected following an elbow paresthesia. 
Good right arm and shoulder motor and sensory block was 
achieved; the patient was sedated with 3 mg of midazolam, 
and surgery was started. 

Forty-five minutes after the injection of mepivacaine, the 
patient compiained of numbness of his left hand. Brief 
examination “under the drapes” revealed numbness and 
weakness in the left hand and arm. This progressed to a C-5 
to T-8 sensory block on the left side, decreased motor 
function in the left arm (decreased triceps strength, very 
weak hand grip), and bilateral Horner’s syndrome. The 
patient remained pain-free and had excellent muscle relax- 
ation on the operative side. He was able to communicate in 
whisper only, could not cough, but was in no apparent 
distress. No changes in vital signs or oxygen saturation 
were noted. The surgery concluded uneventfully. In the 
recovery room (1 h 45 min after injection), the patient was 
found to have a vital capacity of 2100 mL, and neurologic 
examination remained unchanged from that in the opefat- 
ing room. The block started to dissipate 2 h 45 min after the 
injection in the following order: left motor, left sensory, left 
Horner, right motor, right sensory, and right Horner. By 
3 h 40 min after the injection, the patient had no signs of 
block, with the return of normal voice and ability to cough. 

Considerable speculation exists about the possible 
mechanism of contralateral anesthetic spread. Some sug- 
gest spread via the epidural space (2,3). Others (4) consider 
diffusion by the prevertebral fascial planes more likely and 
point out the slight risk of bilateral phrenic nerve block. 
Lombard and Couper (5) found a midline connective tissue 
septum behind the prevertebral fascia in cadavers. They 
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hypothesize its inadequate development in some individu- ' 
als, allowing anesthetic spread across the midline. Possibil- ' 


ity of diffusion via fascial planes to the contralateral side is 
supported by a report of a contralateral Horner’s syndrome 
after stellate ganglion block (6). 


The mechanism of the bilateral spread of anesthetic ' 


following interscalene brachial plexus block is unclear. 
Absence of significant hemodynamic changes and the se- 


quential spread and regression of the block might favor the ' 


perifascial diffusion theory over epidural spread in our 
case. The route nonwithstanding, it is worrisome because 
of the potential for unilateral or bilateral recurrent laryngeal 


and phrenic nerve dysfunction and bilateral sympathetic ' 
block, as evidenced in our case by whisper, inability to 


cough, decreased vital capacity, and bilateral Horner’s 
syndrome. One might be concerned about contralateral 
spread leading to bilateral phrenic and accessory muscle 
(intercostals, scalene) involvement with respiratory com- 
promise, especially as ipsilateral phrenic nerve palsy occurs 


in virtually 100% of cited cases (7). This is why everyone: 
having interscalene block, particularly obese people, peo-' 


ple suffering from sleep apnea, patients with a “difficult 
airway,” with pulmonary disease, or simply heavily se- 
dated, should be monitored especially carefully. 


Edward Gologorsky, MD 

Raymond F. Leanza, MD 

Department of Anesthesiology and Critical Care Medicine 
University of Pittsburgh 

School of Medicine 

Pittsburgh, PA 15261 
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Ventilatory Depression and 
Midazolam 


| To the Editor: 


The excellent article by Alexander et al. (1) answers the 
important clinical issue as to whether more ventilatory 
depression is produced by bolus ‘or constant infusion of 
midazolam..The data show that slow administration of 
midazolam produces no independent protection from res- 
piratory depression, which is a function of total dose rather 
than speed of injection. ) 

Even though the final sentence of the article mirrors my 
own personal prejudices, I believe that the data presented 
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do not support the first portion of the conclusion. (Rather, 
the present data suggest that midazolam should be admin- 
istered in small, incremental doses; the decision to admin- 
ister additional midazolam should be delayed for 2-3 min, 
until the respiratory depressant effects of previous doses 
have reached their peak.’’) The data as expressed in Figure 
4 do show that 2-3 min are required until maximal respira- 
tory depression can be observed whether the dose is given 
as a bolus or 5-min infusion. However, none of the data 
presented show that less depression is encountered by 
small incremental doses of midazolam. The appropriate 
conclusion regarding dosing that should be derived from 
the data is that 0.1 mg/kg IV midazolam is well tolerated in 
healthy subjects whether given over 15 s or 5 min. 


William W. Pond, MD 

Michael Hartman, DVM 

Fort Wayne Center for Medical Education 
Indiana University School of Medicine 
Fort Wayne, Indiana 
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In Response: 


We appreciate the comments by Drs. Pond and Hartman 
regarding our recent article (1). We did not intend to imply 
that a given dose of midazolam, administered incremen- 
tally, causes less ventilatory depression than the same total 
dose of midazolam administered over a few seconds. 
Rather, our recommendation was that midazolam be ad- 
ministered incrementally, so that each patient’s total mida- 
zolam dose can be individualized. This “titration” requires 
that the effect of each incremental dose be assessed before 
further midazolam is given. Our data suggest that for 
maximal safety, subsequent doses of midazolam should be 
given no sooner than 2 min after the end of the previous 
dose. Slow infusion offers no advantage over rapid admin- 
istration of these incremental doses; in fact, it will increase 
the time that must elapse before the full respiratory depres- 
sant effect of each dose becomes apparent. 

Finally, our subjects’ ventilation was continuously stim- 
ulated by CO,, and their Fro, always exceeded 50%. 
Therefore, one must not extrapolate from our data that a 
single dose of midazolam (0.1 mg/kg IV), by bolus injection 
or infusion, is appropriate for all healthy subjects. The key 
words for the safe use of midazolam are START LOW and 
GO SLOW. 


Christian M. Alexander, MD 
Lynn E. Teller, MD 
Department of Anesthesia 
University of Pennsylvania 
Jeffrey B. Gross, MD 
Department of Anesthesiology 
University of Connecticut 
Farmington, CT 06030 
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Interpleural Regional Analgesia—A 
Simple Cause of Catheter 
Obstruction 


To the Editor: 


Interpleural regional analgesia for pain relief after surgery 
is simple, safe, and effective (1,2). We have successfully 
used this technique as a method of analgesia in 18 post- 
cholecystectomy patients. However, in our experience we 
have encountered two instances of failure to administer a 
top-up dose via the catheter. In both these patients, an 
interpleural catheter (Arrow Interpleural Anesthesia Set) 
was successfully inserted percutaneously using the saline 
infusion technique (3). After attachment of the catheter 
adaptor and bacterial filter, an initial dose of bupivacaine 
was easily injected into the pleural cavity. Administration 
of the next top-up dose was uneventful in both patients. 
However, during the administration of a subsequent 
top-up dose, absolute resistance to bupivacaine injection 
was noticed. On examination of the catheter adaptor and 
the filter unit, it was observed that the catheter had 
collapsed at the point where the adaptor held it in place. 
Cutting off this portion and reattaching the catheter to the 
adaptor and bacterial filter restored its patency as shown by 
subsequent easy injection of the local anesthetic. 

The above instances illustrate that routinely the catheter 
material withstands the compressive force of the adaptor 
well but over time, in an occassional case, it may collapse 
producing obstruction. Thus, we would advocate that the 
adaptor end of the catheter should be checked first in cases 
of catheter obstruction before the catheter is removed from 
the patient. 


Mohammad Maroof, MD 
Mahmood Siddique, MD 
Rashid M. Khan, MD 
Department of Anesthesiology 
King Fahad Hospital 

P.O. Box 22490, Riyadh 11426 
Saudi Arabia 
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Anesthetic Management in Charcot- 
Marie-Tooth Disease 


To the Editor: 


Greenberg and Parker (1) correctly address some of the 
concerns regarding anesthesia in patients with Charcot- 
Marie-Tooth disease (CMTD). One unresolved issue is the 
possible danger of succinylcholine in a disease character- 
ized by muscular denervation. We recently completed a 
retrospective survey of 86 patients with CMTD who under- 
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went 161 surgical procedures (2). Forty-one of these pa- 
tients received succinylcholine on 56 occasions. Despite the 
fact that denervation poses the greatest risk for hyperkale- 
mia from succinylcholine (3), no complications occurred 
from its use. Presumably, muscular atrophy in CMTD 
occurs faster than the denervation process so that the 
amount of sensitive muscle is relatively small. Related to 
this, no complications appeared to have occurred in those 
patients who received nondepolarizing muscle relaxants. 
However, individuals who have acute exacerbations of 
their disease, such as the one described by Brian et al. (4), 
may represent a subset of patients who might have altered 
responses to muscle relaxants. Thus, during acute exacer- 
bations, succinylcholine should probably be avoided and 
other muscle relaxants used with appropriate neuromuscu- 
lar monitoring. 

Last, I would like to inform your readers of the existence 
of CMT International, an organization dedicated to helping 
people with CMTD. A research and medical advisory board 
is available to answer any questions regarding CMTD. The 
address and phone number are One Springbank Drive, 5t. 
Catharines, Ontario, Canada L2S 2K1, (416) 687-3630. 


Joseph F. Antognini, MD 
Department of Anesthestology 
University of California, Davis 
School of Medicine, TB-170 
Davis, CA 95616-8634 
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In Response: 


We appreciate Dr. Antognini’s comments regarding our 
case report and suspect that he is correct regarding the 
safety of depolarizing muscle relaxants in the majority of 
patients, with the possible exception being those with an 
acute exacerbation of their neuromuscular disease. This 
may be particularly important in patients with underlying 
conditions that may alter the response to muscle relaxants, 
such as pregnancy. Accordingly, one’s clinical decision- 
making should be based on the risk (probably minimal) of 
using succinylcholine versus the need to obtain immediate 
control of the airway. In many cases, as in our report, the 
use of an intermediate-acting nondepolarizing muscle re- 
laxant represents a viable alternative. 

We are surprised and delighted to learn of CMT Inter- 
national and would hope that interested persons take 
advantage of its expertise. 


Robert S. Greenberg, MD 

Stephen D. Parker, MD 

Department of Anesthesiology and Critical Care 
The Johns Hopkins Hospital 

600 North Wolfe Street 

Blalock 1410 

Baltimore, MD 21205 


Section Editor 
Norig Ellison 


Book Reviews 


Drugs for the Heart 


L. H. Opie, ed. Philadelphia: W. B. Saunders, 1991, 302 
pp, $24.95. 


Drugs for the Heart summarizes the full breadth of cardio- 
vascular pharmacology in a compact, concise format. The 
book is organized by class of drug: 6-blocking agents, 
nitrates, calcium channel antagonist, diuretics, ACE inhib- 
itors and vasodilators, digitalis and other inotropes, anti- 
hypertensives, antiarrhythmics, etc. Dr. Opie has assem- 
bled an authoritative, international group of cardiologists to 
assist in the preparation of this book while remaining a 
coauthor for each chapter. Therefore, the book benefits 
from a unified writing style while still being remarkable for 
the currentness of its references. His clear illustrations 
complement the discussions throughout. These copy- 
righted, line drawings are one of the book’s unique assets; 
and, by themselves, may justify its acquisition for many 
readers. Most chapters are also complemented by concise 
tables summarizing the most important aspects of the 
drugs’ pharmacology. The authors’ wise use of both ge- 
neric and trade names adds greatly to the convenience of 
this book (patients often only know the trade name of their 
medications). The authors have not limited their discus- 
sions to drugs currently approved by the U.S. Food and 
Drug Administration, but also cover medications in use in 
Europe, many of which will undoubtedly find their way 
into American practice in the near future. 

Cardiovascular pharmacology has evolved dramatically 
over the past decade. Entire new classes of agents have 
emerged and become central to the care of the patient with 
cardiovascular disease. Dozens of new drugs have been 
introduced, and busy anesthesiologists may have difficulty 
keeping track of this myriad of medications. Many may find 
a quick reference to this book during preoperative evalua- 
tion extremely useful. It should be emphasized that Drugs 
for the Heart does not deal with anesthetic considerations 
per se. However, the concise coverage of the drug’s clinical 
pharmacology will be adequate for most anesthesiologists, 
who can then deduce the anesthetic implications for them- 
selves. 


With its unusual size (4 3/4 in. x 10 in.), Drugs for the 


Heart is designed to be carried in the pocket of a lab coat for 
convenient reference. Trainees will probably carry this 
book during their critical care rotations. Others in anesthe- 
sia may not wish to devote a pocket to the book, but rather 
will keep it on their desk (or in a locker) for ready reference. 
This gem of a book should also be available in departmental 
libraries and anesthesia “preop” clinics. 


R. K. Baumgarten, LT COL, MC 


Brooke Army Medical Center 
San Antonio, Texas 
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New Developments in Pediatric Anesthesia 


Volume 9, No. 4 of Anesthesia Clinics of North 
America 

Jerrold Lerman, ed. Philadelphia: W. B. Saunders, 1991, 
219 pp, $74.00 annual subscription or $32.50 for single 
issue. 


The great value of this monograph lies in its timeliness. 
Intermediary in production lag between journal articles and 
textbook chapters, the entries in this volume offer recently 
generated information of interest and value to everyone 
caring for children in settings ranging from tertiary-care 
hospitals to ambulatory-surgery centers. i 

The topics were selected by the editor precisely because 
new research, new drugs, and new insights have altered 
the practice of pediatric anesthesia, enhancing safety and 
allaying anxiety in a population exceedingly vulnerable to 
trespass upon the body and the spirit. In his preface, the 
editor states that the mandate to the authors was to review 
the current understanding of their subjects, and then 
discuss the relevance of recent advances to pediatric anes- 
thesia. The authors have succeeded admirably: the entries 
are clear, succinct, well-cited, and indeed clinically rele- 
vant. 

The contents reflect advances in pharmacology, pre- 
operative preparation, monitoring, intraoperative manage- 
ment, and pathophysiology. Some, like “Congenital Dia- 
phragmatic Hernia” by Bohn, unfold with all the drama 
and suspense of a good detective story as the reader is 
guided through the evolution of our understanding of the 
pathophysiology of diaphragmatic hernia and the atten- 
dant progress in its management. Others, like “Opioids in 
Pediatric Anesthesia and in the Management of Childhood 
Pain” by Yaster, Nicholas, and Maxwell, “Postoperative 
Pain Management for Children” by Goresky, Klassen, and 
Waters, and “Regional Anesthesia” by Hannallah offer 
practical information in the long-neglected area of treat- 
ment of pediatric pain. The chapters “Preoperative Fasting 
and Medication in Children” by Morrison and Lockhart, 
“Pharmacokinetics and Pharmacodynamics of Inhalational 
Anesthetics in Infants and Children” by Lerman, and 
“Neuromuscular Blocking Drugs” by Brandom are excel- 
lent in their discussion of the differences between adults 
and children (and among neonates, infants, and children) 
for the newer and the more familiar drugs. 

New thoughts on the pathophysiology and manage- 
ment of respiratory and metabolic derangements peculiar 
to children are addressed by Welborn in “Perioperative 
Apnea in the Preterm Infant” and Ryan in “Malignant 
Hyperthermia: Treatment and After Care.” These articles 
dove-tail well with the contributions “Oximetry and Cap- 
nography Monitoring” by Badgwell and “Body Tempera- 
ture and Anesthesia” by Bissonnette. All discussions of 
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drugs, physiclogy, and monitoring are complemented by 
the absolutely superb work by Cote, “Blood, Colloid, and 
Crystalloid Therapy.” Having done much of the cited 
research himself, his treatment of the topic is thorough and 
his advice weil-substantiated, practical, and easy to imple- 
ment. This article alone is definitely worth the price of the 
monograph. 

On the minus side, it is a pity that some of the articles in 
this well-written, well-documented, useful volume are 
marred by textual imperfections including typographical 
errors, misspellings, word substitutions, and other sloppi- 
ness. Additionally, the type size of the text is very small— 
smaller than the type in which the Foreward, Preface, and 
Contents are set. As the people who may benefit the most 
from this volume are those whose abilities to read the fine 
print are diminishing, the editors and publisher might 
consider using the next larger point size, perhaps with less 
“lead” or white space between the lines. 

All-in-all, New Developments in Pediatric Anesthesia not 
only accomplishes its goal of demonstrating the relevance 
of the new developments in pharmacology, physiology, 
and monitoring to pediatric anesthesia, but does so in a 
scholarly, practical, and eminently readable fashion. Dr. 
Lerman and his authors are to be commended for this 
contribution to the libraries of trainees and practitioners 
alike. 


Philippa Newfield, MD 
California Pacific Medical Center 
San Francisco, California 





A Glance at Transesophageal 
Echocardiography 
R. A. Gal. New York: Churchill-Livingstone, 1992, $95.00. 


This teaching videotape on transesophageal echocardiog- 
raphy (TEE) has been prepared for cardiologists, anesthe- 
siologists, and radiologists. The videotape runs for 100 
minutes and consists of two parts. The first part covers TEE 
equipment, the TEE examination in the conscious patient, 
and some standard TEE views of the heart and aorta. The 
second part uses 50 case illustrations to demonstrate the 
role of TEE in the diagnosis of cardiovascular pathology. 
There are sections on native and prosthetic valvular dis- 
ease, tumors, embolic disease, infective endocarditis, con- 
genital heart disease, aortic pathology, coronary heart 
disease, interventional procedures (including intraopera- 
tive aspects), and the critically ill patient. 

The major strengths of this videotape presentation are 
the author’s obvious experience with TEE, the number and 
diversity of case illustrations, and the fine blend of video 
and superimposed dialogue that is often achieved. 

The deficiencies are more numerous, however. The 
author assumes some knowledge of echocardiography and 
does not set out to teach the basics. If this is the case, then 
the introductory sections on transesophageal equipment 
and the examination are superfluous. For an inexperienced 
viewer, the section on standard views is too brief and 
barely touches on the longitudinal imaging plane that is 
now widely available with biplane TEE. To appreciate this 
videotape, the viewer needs to have a solid grounding in 
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the fundamental principles of echocardiography with a 
good working knowledge of two-dimensional, M-mode, 
quantitative and color flow Doppler, and some background 
exposure to conventional transthoracic echocardiography. 
Few anesthesiologists will have this background; if they do, 
they will find the emphasis on diagnostic curios largely 
irrelevant. The case illustrations relevant to an anesthesiol- 
ogist’s practice, e.g., abnormalities of global and regional 
left ventricular function, are scattered amongst the many 
examples and do not fall into a discrete subsection. Often 
the pathological description is either too superficial or lacks 
precision. For example, in describing mitral stenosis (case 
1) the author makes no attempt to describe the valve leaflets 
or type of deformity. Alluding to the risk of pulmonary 
thromboembolism from a large thrombus attached to a 
central venous catheter, the author states “. . . the mobility 
of the thrombus looks really very impressive” (case 18). The 
organization of the individual case illustrations is often 
haphazard and the time allotted to them is frequently 
disproportionate to their importance. For example, more 
than 8 minutes is devoted to a single case of infective 
endocarditis leading to aortic root abscess (case 19), 
whereas only 5 minutes is allotted to four cases depicting 
native valvular disease (cases 1-4). The questionable clinical 
judgment relative to some of the cases discussed in this 
videotape presentation, despite the author’s disclaimer, 
results in a rather confusing picture of the true indications 
for and value of TEE. 

This videotape presentation will be of interest to cardi- 
ologists who have little experience with the relatively new 
modality of TEE. It will be of little value, however, to the 
anesthesiologist interested in monitoring patients at high 
risk of cardiac morbidity in the operating room. 


Martin D. Abel, MD 
Mayo Medical School 
Rochester, Minnesota 





Dripps/Eckenhoff/Vandam Introduction to 
Anesthesia, 8th edition 


D. E. Longnecker and F. L. Murphy, eds. Philadelphia: 
W.B. Saunders, 1992, 495 pp, ISBN 0-7216-3525-3. 


This is the eighth edition of this venerable introductory 
anesthesia text which began as a manual for anesthesia 
house staff and was first published by Dripps, Eckenhoff, 
and Vandam in 1956. Like the specialty this book intro- 
duces, it has undergone many changes and increased 
considerably in size and complexity during the intervening 
years. The new, larger, two-column format is easy on the 
eyes. The seventh edition was authored mainly by the 
faculty at Northwestern University. This new edition is 
almost exclusively a product of the University of Pennsyl- 
vania anesthesia faculty and the number of contributors has 
nearly doubled. 

The contents of the volume are rationally divided into 
seven sections beginning with Fundamentals and Prepara- 
tion and concluding with Post Anesthetic Care. A major 
portion of the book is devoted to patients with special 
requirements and focuses more on the problems presented 
by such patients than the more conventional, and less 
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satisfactory, grouping according to anesthesia subspecial- 
ties. There are new chapters devoted to the management of 
patients with hepatic and renal disease and those with 
metabolic and endocrine disorders. There is also an excel- 
lent chapter on the positioning of the surgical patient. The 
final chapter entitled “The Further Study of Anesthesiolo- 
gy” provides some excellent advice for the resident begin- 
ning the first year of training. The text is supported by clear 
and well-labeled illustrations. Each chapter has a brief but 
carefully selected bibliography. 

It is the reviewer's prerogative to engage in nit-picking. 
It is distressing to find that the discussion of the anesthesia 
record had shrunk from a six-page chapter to a half-column 
paragraph in this edition. In view of the importance of the 
record and the lack of care that a great many anesthesiolo- 
gists devote to it, this seems unjustified. Despite this minor 


shortcoming, the editors have done an excellent job in. 


producing an accurate, concise, well-documented and 
highly readable text that is remarkably well integrated 
considering the multiplicity of contributors. 

‘In summary, the Dripps/Eckenhoff/Vandam Introduction to 
Anesthesia has been the premiere beginners’ text since its 
inception some 35 years ago. This new eighth edition 
certainly fulfills its editors’ promise “to reflect current 
anesthesia practice’ and should continue to generate its 
well-deserved popularity with medical students, beginning 
anesthesia residents, and those physicians in other special- 
ties who require a survey of the field. 


Martin Helrich, MD 
University of Maryland School of Medicine 
Baltimore, Maryland 
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Stanley TH, Sperry RJ, eds. Anesthesia and the Lung 1992. Volume 25 in 
Critical Care Medicine and Anesthesiology. Boston: Kluwer Academic 
Publishers, 1992, 329 pp, $68.00, ISBN 0-7923-1563-4. 


Vitez TS, ed. Quality Improvement Systems and Anesthesia. Volume 30, No. 2 of 
International Anesthesiology Clinics, Boston: Little Brown & Company, 
1992, 128 pp, $81.00 annual subscription, ISSN 0020-5907. 


Woerbe GM. Kinetics and Dynamics of Intravenous Anesthetics. Volume 26 in 
Critical Care Medicine and Anesthesiology. Boston: Kluwer Academic 
Publishers, 1992, 253 pp, $103.00, ISBN 0-7923-1506-5. 


A.S.1A. 
CAS AA AMERICAN SOCIETY OF INDIAN ANESTHESIOLOGIST 
PRESENTS 


ANESTHESIOLOGIST OPENINGS “CURRENT ISSUES IN ANESTHESIA” 
Place: The Showboat Hotel and Casino 
Positions are available at the Ochsner Clinic Atlantic City 
New Orleans and Ochsner Clinic Baton Rouge Friday, Saturday, and Sunday 


for BC/BE anesthesiologists. SEPTEMBER 11, 12 AND 13, 1992 


Ochsner Clinic New Orleans: Topics Speakers 
¢ Generalists The Role of Neurolytic Subhash Jain, M.D. 


* Intensivist Medical Director for 32-bed Procedures in Pain Management 
medical surgical ICU Recent Advances in OB Sivam Ramanathan, M.D. 
Anesthesia 


Ochsner Clinic Baton Rouge: Anesthesia for Major Ketan Shevde, M.D. 
* Generalists 


Vascular Surgery 


© Pain Controversies in Surinder Kallar, M.D. 
Ambulatory Surgery 


° Critical Care Implementation of RBRVS: Jody Locke, Datamedic 


; PAN i , Challenges and Opportunities 
Ochsner offers a very competitive salary, rich fringe Partnerships, P.C.s Jeffrey Slavet, Esq. & 


benefits package, two substantial retirement pro- and Contracts Anthony Mustalish, 
grams, excellent paid vacation and CME time, | innovative Airway Vijayalakshmi Patil, M.D. 
all malpractice insurance provided, and oppor- Management 


tunity for partnership status. Send CV to: Fiberoptic Intubation Adranik Ovassapian, M.D. 


eae Hands On Demonstration: Adranik Ovassapian, M.D. 
Ochsner Clinic | Fiberoptic Scope 
16777 Medical Center Drive 
There will be a RECEPTION, GALA DINNER plus ENTERTAINMENT at the Showboat 
Reference #AIAN ES Hotel on Saturday, sau dea ie big at Abs pm or maerens and — ana i 
vie} it i N romises to be an excellent conference for an education recreational point o 
b o a Services Pew. A sag of rooms has oe Seyr T siy Fecal Peele greys r > pay 
Jersey. For registration material and additional information contact: .Q. Box 
aton Rouge, 1 44-1363, Somerville MA, 02144 PH. (617) 628-0020, FAX (617) 666-5180 Attn: 
1-800-488-2240 Narendra Shah, M.D. For Hotel and Flight reservations: World Wing Travel and 
Tours PH (212) 736-9630, FAX (212) . CME CREDIT AVAILABLE 
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GRAND HYATT, SAN FRANCISCO, CALIFORNIA 
SEPTEMBER 17-20, 1992 


TOPICS INCLUDE: 
* Pediatrics e Critical Care/Economics/Ethics * Regional Anesthesia/Pain 
* New Drugs and Technologies e Ambulatory Anesthesia Management : 
» Neuroanesthesia e Controversies in Clinical e Cardiac Update 
* Obstetrics Management e AIDS/Transfusion Practices 


PROGRAM FACULTY: members of University of California, San Francisco, School of Medicine 


Course Registration The Changing Practice of Anesthesia Registration fee (please check) 
Mail to: San Francisco General Hospital ` (Fee includes course materials, Friday lunch, and wine reception at the 


Anesthesia Research Foundation Grand Hyatt) 
Attention: Karen Sitland Before September 1, 1992 


1001 Potrero Avenue, Room 38-50 LL] Physicians $385 lel C.RN.A. $285 AANA # 


San Francisco, CA 94110 an s é - S185 
: ‘ . esidents, Intems & Student Nurse Anesthetists $18 
For program information, please contact Karen Sitland at (415) 206-8145. (include a letter from program director) 


Registration Information: After September 1, 1992 


(415) 206-8145; Office hours 9:00 a.m. to 4:00 p.m. PDT an 
q Physicians $395 (al CRN.A. $295 AANA # 


Name 
Address ‘al I cannot attend, please send a syllabus. Enclosed is $35. 
Make check payable to: Anesthesia Research Foundation 


|S ee ee ed esol ND 6 tS ee. Refund Policy: 
Telephone ( There will be a service charge of $30 withheld from all registration fees. 
No refunds will be given after the program begins. 





ANESTHESIA 
INTENSIVISTS 


UMDNJ, New Jersey’s university of the health 
sclences, is recruiting for two Anesthesia 
Intensivists for the Department of Anesthesia to 
be Co-Directors of the Surgical Intensive Care 
Unit at Robert Wood Johnson University 
Hospital. This 20 station modern unit is 
expanding to 27 stations in our 416 bed tertiary 
care facility, located in Central New Jersey. 
Academic rank and salary will be commensurate 
with qualifications. 


Send cover letter, CV, and 3 letters of reference 
to: Sanford L. Klein, D.D.S., M.D., Chalrman, 
Department of Anesthesia, UMDNJ - Robert 
Wood Johnson Medical School, 1 Robert Wood 
Johnson Place, CN 19, New Brunswick, 
NJ 08903-0019. UMDNJ, New Jersey’s 
university of the health sciences, is an Affirmative 
Action/Equal Employment Opportunity Employer, 
m//n/v, and a member of the University Health 
system of New Jersey. 


UMD 





Medical Director, Ambulatory Surgery Center 


- The Mercy Hospital of Pittsburgh is searching 
for a Medical Director of anew Ambulatory Surgery 
Center. Interested candidates must be board certi- 
fied in Anesthesiology or Surgery. Candidates must 
have at least three years’ experience in clinical 
anesthesia or surgery and in administration of an 
Ambulatory Surgery Center. Mercy Hospital is a 
524-bed advanced teaching and referral center 
serving a tri-state area with an extensive surgical 
program and separate Ambulatory Surgery Center. 

Submit curriculum vitae in confidence to: 


Irene McFadden, Vice President 
Ambulatory & General Services 
Mercy Hospital of Pittsburgh 
1400 Locust Street 

Pittsburgh, PA 15219 


Applications will be reviewed monthly can the 
position is leg: 


E.O.E. 


ə Mercy Hospital 


The Mercy Hospital of Pittsburgh 
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INTER B- SANKFY ANESTHESIA RESEARCH SOCIETY 


THE B.B. SANKEY ANESTHESIA ADVANCEMENT AWARDS 


1993 B.B. SANKEY 
ANESTHESIA ADVANCEMENT AWARDS 


Applications for up to $25,000 are invited for the 1993 Awards, subject to the following 
basic conditions: 


è Proposals must be within the general field of anesthesiology and may be for 
research, clinical care, education, or administration. 

_ @ Applicants must be members of the International Anesthesia Research Society. 

è Applications must be received in the IARS Cleveland office no later than Decem- 
ber 11, 1992. Where relevant, applications must include institutional approval of 
human studies and/or animal research. 

è The official application for the Award must be used. This form, as well as the 
guidelines for applicants, is available on request to: 


International Anesthesia Research Society 
2 Summit Park Dr., #140 

Cleveland, OH'44131 

Telephone: (216) 642-1124 


The 1993 Awards will be announced at the 67th Congress of the International 
Anesthesia Research Society to be held at the San Diego Marriott, March 19-23, 1993.. 
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Now for heart rate control during atrial fibrillation and flutter 





Cardizem Injectable is indicated for temporary control of rapid ventricular rate during atrial 
ibrillation and flutter; rarely converts to normal sinus rhythm. Panes 


Please see the brief summary of prescribing information on an adjacent page. 


CIVAH495/A8113 


24-HOUR 
CONTROL 





Should be used with continuous monitoring of ECG and blood pressure to avoid 
hypotension or bradycardia. Infusion rate/dose should be regulated accordingly. 
A defibrillator and emergency equipment should be readily available. 
CIVAH495/A8113 


For heart rate control during atrial fibrillation and flutter 


MAINTAINS 
HEART RATE CONTROL 
SAFELY 





FAST 





m 3-minute onset of action from first bolus injection’ 
m 95% response rate within 2 to 7 minutes of administration’ 
w |- to 3-hour duration of action with bolus 


SAFE 


m 4.3% incidence of asymptomatic hypotension” 
m 3.2% incidence of symptomatic hypotension"* 
m 3.9% incidence of injection site reaction’ 

m 1.7% incidence of flushing” 

m Little negative inotropic effect" 











m Do not use in Af/FI patients with WPW or short PR syndrome 


Other contraindications: sick sinus syndrome and second- or third-degree 
AV block except with a functioning pacemaker; severe hypotension and shock; 
hypersensitivity; recent IV beta-blockers; ventricular tachycardia. 


CONTINUOUS CONTROL 


m Heart rate control through infusion for up to 24 hours"? 


Cardizem Injectable is indicated for temporary control of rapid ventricular 
rate during atrial fibrillation and flutter; rarely converts to normal sinus rhythm. 


“Occurs most often during or immediately following bolus injection. 
tCaution should be used in patients with congestive heart failure. 








Please see the brief summary of prescribing information on an adjacent page. 6493E2 





CONVENIENT DOSAGE 





BOLUS: 0.25 mg/kg 


actual body weight 
over 2 minutes 


20 mg average patient 


BOLUS: 0.35 mg/kg 
actual body weight 


over 2 minutes 


25 mg average patient 





INFUSION: 
10* to 15 mg/hr 


“5 mg/hr may be appropriate 
starting infusion for some 
patients. 


BRIEF SUMMARY 


CARDIZEM® Injectable 
(diltiazem hydrochloride) 


INDICATIONS AND USAGE 

CARDIZEM Injectable (diltiazem hydrochloride) is indicated for the following: 

. Atrial Fibrillation or Atrial Flutter. Temporary contro! of rapid ven- 
tricular rate in atrial fibrillation or atrial flutter. It should not be used in patients 
with atrial fibrillation or atrial flutter associated with an accessory bypass 
tract such as in Wolff-Parkinson-White (WPW) syndrome or short 
PR syndrome. 

. Paroxysmal Supraventricular Tachycardia. Rapid conversion of parox- 
ysmal supraventricular tachycardias (PSVT) to sinus rhythm. This includes 
AV nodal reentrant tachycardias and reciprocating tachycardias associated 
with an extranodal accessory pathway such as the WPW syndrome or short 
PR syndrome. Unless otherwise contraindicated, appropriate vagal maneu- 
vers should be attempted prior to administration of CARDIZEM Injectable. 

The use of CARDIZEM Injectable for control of ventricular response in patients 
with atrial fibrillation or atrial flutter or conversion to sinus rhythm in patients 
with PSVT should be undertaken with caution when the patient is compromised 
hemodynamically or is taking other drugs that decrease any or all of the fol- 
lowing: peripheral resistance, myocardial filling, myocardial contractility, or 
electrical impulse propagation in the myocardium. 

For either indication and particularly when employing continuous 

intravenous infusion, the setting should include continuous monitoring 

of the ECG and frequent measurement of blood pressure. A defibrillator 
and emergency equipment should be readily available. 

In domestic controlled trials in patients with atrial fibrillation or atrial flutter, 

bolus administration of CARDIZEM Injectable was effective in reducing heart 

rate by at least 20% in 95% of patients. CARDIZEM Injectable rarely converts 
atrial fibrillation or atrial flutter to normal sinus rhythm. Following administration 
of one or two intravenous bolus doses of CARDIZEM Injectable, response 
usually occurs within 3 minutes and maximal heart rate reduction generally 
occurs in 2 to 7 minutes. Heart rate reduction may last from 1 to 3 hours. If 
hypotension occurs, it is generally shortlived, but may last from 1 to 3 hours. 

A 24-hour continuous infusion of CARDIZEM Injectable in the treatment of atrial 

fibrillation or atrial flutter maintained at least a 20% heart rate reduction dur- 

ing the infusion in 83% of patients. Upon discontinuation of infusion, heart 
rate reduction may last from 0.5 hours to more than 10 hours (median dura- 
tion 7 hours). Hypotension, if it occurs, may be similarly persistent. 

In the controlled clinical trials, 3.2% of patients required some form of inter- 

vention (typically, use of intravenous fluids or the Trendelenburg position) for 

blood pressure support following CARDIZEM Injectable. 

In domestic controlled trials, bolus administration of CARDIZEM Injectable was 

effective in converting PSVT to normal sinus rhythm in 88% of patients within 

3 minutes of the first or second bolus dose. 

Symptoms associated with the arrhythmia were improved in conjunction with 

decreased heart rate or conversion to normal sinus rhythm following adminis- 

tration of CARDIZEM Injectable. 


CONTRAINDICATIONS 


gic Injectable is contraindicated in: 

1 . Patients with sick sinus syndrome except in the presence of a functioning 
ventricular pacemaker. 

Patients with second- or third-degree AV block except in the presence of 
a functioning ventricular pacemaker. 

. Patients with severe hypotension or cardiogenic shock. 

. Patients who have demonstrated hypersensitivity to the drug. 

. Intravenous diltiazem and intravenous beta-blockers should not be 
administered together or in close proximity (within a few hours). 

. Patients with atrial fibrillation or atrial flutter associated with an accessory 
bypass tract such as in WPW syndrome or short PR syndrome. 


As with other agents which slow AV nodal conduction and do not prolong 


the refractoriness of the accessory pathway (eg, verapamil, digoxin), in rare 
instances patients in atrial fibrillation or atrial flutter associated with an acces- 
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sory bypass tract may experience a potentially life-threatening increase in 
heart rate accompanied by hypotension when treated with CARDIZEM Injec- 
table. As such, the initial use of CARDIZEM Injectable should be, if 
possible, in a setting where monitoring and resuscitation capabilities, includ- 
ing DC cardioversion/defibrillation, are present (see OVERDOSAGE). Once 
familiarity of the patient's response is established, use in an office setting 
may be acceptable. 

7. Patients with ventricular tachycardia. Administration of other calcium chan- 
nel blockers to patients with wide complex tachycardia (QRS = 0.12 
seconds) has resulted in hemodynamic deterioration and ventricular fibril- 
lation. It is important that an accurate pretreatment diagnosis distinguish 
wide complex QRS tachycardia of supraventricular origin from that of 
ventricular origin prior to administration of CARDIZEM Injectable. 


WARNINGS 


1. Cardiac Conduction. Diltiazem prolongs AV nodal conduction and refrac- 
toriness that may rarely result in second- or third-degree AV block in sinus 
rhythm. Concomitant use of diltiazem with agents known to affect cardiac 
conduction may result in additive effects (see Drug Interactions). If 
high-degree AV block occurs in sinus rhythm, intravenous diltiazem should 
be discontinued and appropriate supportive measures instituted (see 
OVERDOSAGE). 


2. Congestive Heart Failure. Although diltiazem has a negative inotropic 
effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function and in patients with a com- 
promised myocardium, such as severe CHF, acute MI, and hypertrophic 
cardiomyopathy, have not shown a reduction in cardiac index nor consis- 
tent negative effects on contractility (dp/dt). Administration of oral diltia- 
zem in patients with acute myocardial infarction and pulmonary congestion 
documented by x-ray on admission is contraindicated. Experience with the 
use of CARDIZEM Injectable in patients with impaired ventricular function 
is limited. Caution should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM 
Injectable therapy may occasionally result in symptomatic hypotension 
(3.2%). The use of intravenous diltiazem for control of ventricular response 
in patients with supraventricular arrhythmias should be undertaken with 
caution when the patient is compromised hemodynamically. In addition, 
caution should be used in patients taking other drugs that decrease 
peripheral resistance, intravascular volume, myocardial contractility 
or conduction. 

. Acute Hepatic Injury. In rare instances, significant elevations in enzymes 
such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted following oral diltia- 
zem. Therefore, the potential for acute hepatic injury exists following 
administration of intravenous diltiazem. 


. Ventricular Premature Beats (VPBs). VPBs may be present on conver- 
sion of PSVT to sinus rhythm with CARDIZEM Injectable. These VPBs are 
transient, are typically considered to be benign, and appear to have no 
clinical significance. Similar ventricular complexes have been noted dur- 
ing cardioversion, other pharmacologic therapy, and during spontaneous 
conversion of PSVT to sinus rhythm. 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by 
the liver and excreted by the kidneys and in bile. The drug should be used with 
Caution in patients with impaired renal or hepatic function (see WARNINGS). 
High intravenous dosages (4.5 mg/kg tid) administered to dogs resulted in sig- 
nificant bradycardia and alterations in AV conduction. In subacute and chronic 
dog and rat studies designed to produce toxicity, high oral doses of diltiazem 
were associated with hepatic damage. In special subacute hepatic studies, 
oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver, which were reversible when the drug was discontinued. 
In dogs, oral doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 


Dermatologic events progressing to erythema multiforme and/or exfoliative 
dermatitis have been infrequently reported following oral diltiazem. Therefore, 
the potential for these dermatologic reactions exists following exposure to 
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intravencus diltiazem. Should a dermatologic reaction persist, the drug should 
be discontinued. 

Drug Interactions. Due to potential for additive effects, caution is warranted 
in patients receiving CARDIZEM Injectable concomitantly with any agent(s) 
known to affect cardiac contractility and/or SA or AV node conduction 
(see WARNINGS). 


As with all drugs, care should be exercised when treating patients with multi- 
ple medications. CARDIZEM undergoes extensive metabolism by the 
cytochrome P-450 mixed function oxidase system. Although specific phar- 
macokinetic drug-drug interaction studies have not been conducted with single 
intravenous injection or constant rate intravenous infusion, coadministration 
of CARDIZEM Injectable with other agents which primarily undergo the same 
route of biotransformation may result in competitive inhibition of metabolism. 
Digitalis: Intravenous diltiazem has been administered to patients receiving 
either intravenous or oral digitalis therapy. The combination of the two drugs 
was well tolerated without serious adverse effects. However, since both drugs 
affect AV nodal conduction, patients should be monitored for excessive slowing 
of the heart rate and/or AV block. 


Beta-blockers: Intravenous diltiazem has been administered to patients on 
chronic oral beta-blocker therapy. The combination of the two drugs was gener- 
ally well tolerated without serious adverse effects. If intravenous diltiazem is 
administered to patients receiving chronic oral beta-blocker therapy, the pos- 
sibility for bradycardia, AV block, and/or depression of contractility should be 
considered (see CONTRAINDICATIONS). Oral administration of diltiazem with 
propranolol in five normal volunteers resulted in increased propranolol levels 
in all subjects and bioavailability of propranolol was increased approximately 
50%. In vitro, propranolol appears to be displaced from its binding sites 
by diltiazem. 

Anesthetics: The depression of cardiac contractility, conductivity, and automa- 
ticity as well as the vascular dilation associated with anesthetics may be poten- 
tiated by calcium channel blockers. When used concomitantly, anesthetics 
and calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study 
in rats at oral dosage levels of up to 100 mg/kg/day, and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of car- 
cinogenicity. There was also no mutagenic response in vitro or in vivo in mam- 
malian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in a study performed in male and female rats at oral dosages of up 
to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, 
rats, and rabbits. Administration of oral doses ranging from five to ten times 
greater (on a mg/kg basis) than the daily recommended oral antianginal ther- 
apeutic dose has resulted in embryo and fetal lethality. These doses, in some 
studies, have been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at doses of 20 
times the human oral antianginal dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use 
CARDIZEM in pregnant women only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report with oral 
diltiazem suggests that concentrations in breast milk may approximate serum 
levels. If use of CARDIZEM is deemed essential, an alternative method of infant 
feeding should be instituted. 


Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 


The following adverse reaction rates are based on the use of CARDIZEM 
Injectable in over 400 domestic clinical trial patients with atrial fibrillation/flutter 
or PSVT under double-blind or open-label conditions. Worldwide experience 
in over 1,300 patients was similar. 

Adverse events reported in controlled and uncontrolled clinical trials were gener- 
ally mild and transient. Hypotension was the most commonly reported adverse 
event during clinical trials. Asymptomatic hypotension occurred in 4.3% of 
patients. Symptomatic hypotension occurred in 3.2% of patients. When treat- 
ment for hypotension was required, it generally consisted of administration 
of saline or placing the patient in the Trendelenburg position. Other events 
reported in at least 1% of the diltiazem-treated patients were injection site reac- 
tions (eg, itching, burning)—3.9%, vasodilation (flushing)—1.7%, and 
arrhythmia (junctional rhythm or isorhythmic dissociation)— 1.0%. 

In addition, the following events were reported infrequently (less than 1%): 


Cardiovascular: Atrial flutter, AV block first degree, AV block second 
degree, bradycardia, chest pain, congestive heart 
failure, sinus pause, sinus node dysfunction, syncope, 
ventricular arrhythmia, ventricular fibrillation, ventric- 
ular tachycardia. 

Dermatologic: Pruritus, sweating. 

Gastrointestinal: | Constipation, elevated SGOT or alkaline phosphatase, 
nausea, vomiting. 

Nervous System: Dizziness, paresthesia. 

Other: Amblyopia, asthenia, dry mouth, dyspnea, edema, 


headache, hyperuricemia. 
Although not observed in clinical trials with CARDIZEM Injectable, other 
reactions associated with oral diltiazem may occur. 
Product information as of October 1991 





References: 1. Cardizem Injectable prescribing information 
2. Ellenbogen KA, Dias VC, Plumb VJ. Heywood JT, Mirvis 
DM. J Am Coll Cardiol. 1991;18:891-897 
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KANSAS CITYT., MO 64114 


CARDIZEM INJECTABLE...HEART RATE CONTROL 


THAT IS FAST, SAFE, AND CONTINUOUS 





CIVAH495/A8113 
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Superior 
exceptional 





Significantly improved speed and 
quality of recovery compared 
with thiopental/isoflurane 


Mean postanesthesia recovery times (min)! 


Thiopental/ 
DIPRIVAN isoflurane 4 








Duration of anesthesia 85* 57 








Response to commands e o | 6.1 
Fully oriented Pe 9.4 
Able to tolerate fluids G1” 130 
“Ready” for discharge 138" 206 





—adapted from Korttila et al, p A564" 
*Statistically significant (P < .05). 3 
Measurements taken from time of discontinuation of all maintenance anesthesia. 


E Majority of patients are generally 
awake, responsive, and oriented 
within 8 minutes ‘ 
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anesthetic control 


Significantly less nausea and vomiting 
than with thiopental/ isoflurane 
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As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 


to thiopental/isoflurane for induction and 
maintenance. 


Please see last pages of this advertisement for brief summary of prescribing information. 


INJECTION propo fo / 









Superior 
exceptional 













Maintenance of anesthesia as 
easily controlled as with 
isoflurane 
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0 15 30 45 60 75 90 105 120 1 hour postoperatively 
Time (minutes) 


—adapted from Herregods et al, p 364* 
*Significant difference (P< .05) from previous value. 
**P< .02. (Mean and SEM values are shown.) 


After a loading dose of 2 mg/kg, anesthesia was maintained with 150 ug/kg/min for 
30 minutes—then 100 g/kg/min for 90 minutes* 


Total body clearance exceeds 
estimates of hepatic blood flow” 





ecover,and = 
anesthetic control 


Hemodynamic effects are controllable 
and dose-dependent 


E Blood pressure (BP) predictably decreases on 
ney cti Spee G > 30%) but is within 
C healthy individuals* 
m Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.' 


DIPRIVAN is not a narcotic agent 
When used with N2070; for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required, 


Strict aseptic techniques must always be maintained while handling DIPRIVAN. DIPRIVAN is a single-use parenteral product 
and contains no antimicrobial preservatives. DIPRIVAN Injection should be prepared for use just prior to initiation of each 
individual anesthetic procedure. DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are 
opened. Administration should commence promptly and be completed within 6 hours after the ampules have been opened. 


*Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular responses. 


"Induction dose requirements may be reduced. 


Please see last pages of this advertisement for brief summary of prescribing information. 
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For induction and maintenance 


DIPRIVAN | 


INJECTION propofol y sis 


Superior — 
recovery and 
exceptional ba 
anesthetic contr 


As part of a balanced anesthetic techna de 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


m As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988;69(3A):A564. Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures. Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 

3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol-nitrous oxide anesthesia versus thiopental- 
isoflurane-nitrous oxide. Anesth Analg. 1990;70:S396. Abstract. 4. Herregods L, Rolly G, Versichelen L, Rosseel MT. Propofol combined 
with nitrous oxide-oxygen for induction and maintenance of anaesthesia. Anaesthesia. 1987;42:360-365. 5. Cockshott ID, Propofol 
(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985;61(suppl 3):45-50. 
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STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 
Wilmington, Delaware 19897 USA 





DIPRIVAN* (propotol) injection 


EMULSION FOR iV ADMINISTRATION 
full information, see package insert. A Briel Su foitows.) 


Us ane ar sea cons depending upon te ose arg tec 0 jheti factors 
to consider include the types of preindection and concomitant medications, age, ASA | classification and leve! of debilitation 
of the patient, and uiti | the dose and rate of adrninistration of DIPRIVAN injection. ORARIN Ol Goat at actin VA 
provide a sma inducon and stable maintenance wale reducing potential urarta) se eects hypowoiemia 

corrected prior to administration of DIPRIVAN Anesthesia: Most adult patients under 
SS year a nian ven ISRO S aree O 0 ES moa E OEN E ion for induction when unpremedicated or when 
of intramuscular opioids. For induction, DIPRIVAN cet anesthesia. AS we sea 


a vain dass ot moran Reinga oe amlar wth and oaercnt it Bernese 
ASA HI or IV patients. Due to the reduced clearance and higher 
que ornate Dio 15 noha aerate 20 every 10 seconds) of DIPRIVAN 


tp heir Condition and spores Arapdoks So no be used as ts wil cease the of undesirable cardiorespiratory 
depression including Tway obstruction and/or oxygen desaturation. (See DOSAGE AND ADMINISTRATION 
Maletasance al AniS can be maitained by adrninésterrg DIPRNAN by infusion or intermittent IV bolus 
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TA pallesls IGRO DONOTA siror should be rarkia Nae 
in vital signs indicate a ahidebons ul Coabphab et pilak DIPRIVAN inj Liias soan usa ven 
ey ae ne enor ia such as atropine, scopolamine, glycopyrrojate, diazepam, 
izing muscle and opioid afiaigesics, as well as with inhalational and regional anesthetic agents. br the earn. rapid 
doses shouid not be used as this will increase effects including hypotension, apnea, alway obstruction and/or vaphet 
. Most regi a reduction of the recommended martenance rates for healthy adults < 55 years) to 50 
pled de dled dy: di Eyre SEDATION: When DIPRIVAN injection is administered for sedation, rates of administration 
Should be individualized and clinical response. in most patients the rates of DIPRIVAN injection administration will be 
appradmately 25% of those used for maintenance of general anesthesia. During initiation of MAC sedation. siow infusion or slow i 
techniques are preferable over rapid bolus administration. During maintenance ot MAC sedation, a variable rate infusion is preferable 
over intermittent bolus dose administration. in the eiderfy, debilitated and ASA Ii or IV patients, rapid (single or repeated) bolus dose 
administration should not be used for MAC sedation. (See WARNINGS.) A rapid bolus Injection can recuil in undesirable 
cordtersspireeary obstruction and/or oxygen desaturation. initiation of MAL 


depression inciuding hypotension, apnea, airway 
Sedation: For initiation of sedation, either an infusion or a slow injection method may be utilized RCL eenmien 
jt (Fen (0 tO 
for a period of 3 to 5 minutes and titrating to the desired level of sedation while closely monitoring respiratory function. With the 


function. With the infusion method, sedation may be initiated by infusing DIPRIVAN Injection at 100 to $ 

injection method for initiation. patients will require approximately 0.5 mg/kg administered over 3 to 5 minutes and titrated to clinical 
moan o When DIPRIVAN Injection is administered slowly over 3 to 5 minutes, most patients will be adequately sedated and the 
peak drug effect can be achieved while minimizing undesirable cardiorespiratory effects occurring at high plasma levels. In the elderly, 
debilitated, and ASA Hi! or IV Pb sca epid (single or repeated) bolus dose administration should not te used for MAC sedation. (See 
WARNINGS. } The rate of administration should be over 3-5 minutes and the dosage of DIPRIVAN injection should be reduced to 
80% of the adult dosage in these pear according to their condition, responses, and changes in vital signs. (See 
ADMINISTRATION. } Maintenance of MAC Sedation: For maintenance of sedation, a variable rate infusion method is 
preferable over an intermittent bolus dese method. With the variable rate infusion method, patients will generally require maintenance 
rates of 25 to 75 ug/kg/min (15 to 4.5 oy ae the first 10 to 15 minutes of sedation maintenance. infusion rates should 
subsequently be decreased over time to 25 to 50 .g/kg/min and adjusted to clinical responses. In titrating to clinical effect, allow 
Sp of ght ed 2 minutes for onset of peak drug effect. infusion rates should always be titrated downward in the absence of clinical 
of ight sedation until mild responses to stimulation are obtained in order to avoid sedative admirastration of DIPRIVAN Injection 
at rates higher than are coed eey if the intermittent bolus dose method is used. increments of DIPRIVAN injection 10 mg 
(1.0 mt} of 20 mg (2.0 mL) can be administered and titrated to desired level of sedation. With the intermittent bolus method of sedation 
maintenance there is the potential for respiratory depression, transient increases in sedation depth, and/or proiongation of recovery. 
in the elderly, debilitated, and ASA iHi or IV patients. rapid (single or repeated) bolus dose administration should not be used for MAC 
sedation. (See WARNINGS.) The rate of administration and the dosage of DIPRIVAN Injection should be reduced to approximately 80% 
of the adult dosage in these patients according to their condition, responses, and chan wer in vital signs. (See DOSAGE AND 
ADMINISTRATION. } DIPRIVAN injection can be administered as the sole agent for maintenance of MAC sedation during surgicai/diagnostic 
procedures. When DIPRIVAN sedation is supplemented with opioid and/or benzodiazepine medications, these LAA increase the 
sedative and respiratory effects of DIPR'VAN and may also result in a slower recovery profile. (See PRECAUTIONS, Drug interactions.) 
INDICATIONS AND E: DIPRIVAN injection is an [V anesthetic agent that can be used for both induction and/or maintenance of 
anesthesia as part of a balanced anesthetic technique for ce and bag ris Nic) sda DIPRIVAN injection. when administered 
IV as directed, can be used to initiate and maintain monitored anesthesia during diagnostic procedures. DIPRIVAN 
Bin be be used for MAC sedation in conjunction with locai/ in patients undergoing surgical procedures. 
(See PR: TONS. } OIPRIVAN Inj is not recommended for use at this taser in patients with increased intracranial pressure or 
impaired cerebral circulation, in obstetrics including cesarean section deliveries, in nursing mothers. and in pediatne patients. 
CONTRAINDICATIONS: DIPRIVAN Injection is contraindicated in patients with a known hypersensitivity to DIPRIVAN Injection or its 
components, or when general anesthesie or sedation are contraindicated. Lptohtecnyral hed pappsngrorarier al or monitored anesthesia 
care (MAL) sedation, GRIN inaction shi ba nr ony by pero in the administration of genera! anesthesia 
and not involved in the conduct of the i esas faerie asoferscset hingiin 
for maintenance of a patent eurichmnent and circulstory resuscitation must be immediately 
DAREDA, in ue dein, Cobia sr ASA Wee N pains (single or repeated) bolus administration should not be used during 
OT OE Na OTARA PORO ag > O TETEE E paragon POE TEORION apnea, airway 
D E a MAC seiation patients should be confinuousty monitored by persons not involved in the conduct 
of the surgical or diagnostic procedure should be i available and where clinically indicated: 


obstruction and/or oxygen desaturation. eto are more likely to occur following rapid initiation 

fading) toes dng supplemen boluses, in the elderly, deb#itated and ASA Iti or IV patients. DIPRIVAN 
injection shoukd not be - the same IV catheter with oy plasma because compatibility has not been established 
in vitro tests have shown that the globular component of the emulsion baba have occurred with biood/plasma/serum 
from humans and animals. The significance is not known. Strict aseptic techniques always be maintained during handiing 
DIPRIVAN injection is 2 betel aay and contains papapana shpcbicolaned The vehicie is capable of 
supporting rapid growth of yo AND ADMINISTRATION, Handling Procedures.) Failure to follow aseptic 
handling result in coutemination causing fever, i and/or other adverse consequences 
which could lead & PRECAUTIONS: General: A lower induction dose and a slower maintenance rate of 


administration should be used in elderty, debilitated and ASA i! or iV patients. (See CLINICAL PHARMACOLOGY- individuatization 
of Dosage.) Patients shouki be conti monitored for early signs of significant hypotension and/or bradycardia. Treatment may 
include increasing the rate of intravenous fluid, elevation of lower extremities, use of pressor agents, or administration of atropine. 
Apnea offen occurs during induction and may persist for more than 60 seconds. Ventilatory support may be required. Because DIPRIVAN 
injection is an emision, caution should be exercised in patients with disorders of lipid metaboksm such as primary hyperiipoproteinemia, 
diabetic hyperfipemia, and pancreatitis. The clinical criteria reela satis baler gey area astabiished for each institution 
should be satisfied before discharge of the patient trom the care of the anesthesiologist. When DIPR'VAN injection is administered 
to an epileptic , there thle be a risk of convuisior during the recovery phase. Transient local pain may occur during intravenous 
injection, may be red by prior injection of IV lidocaine (1.0 mi of 2 1% solution). Venous sequelae (phlebitis or thrombosis) 
have been leet rarely {< 1%). in two well-controlled clinical studies using dedicated intravenous catheters, no instances of venous 
sequelae were reported up to 14 days folowing induction, Pain can be minimized # the larger veins of the forearm or antecubital fossa 
are used. Accidental clinical extravasation and intentional injection into subcutaneous or perivascular tissues of animals caused minimal 
tissue reaction. intra-arterial injection in animals did not induce local tissue effects. Accidental intra-arterial injection has been reported 
in patients, and other than pain, there were no major sequelae. Perioperative myocionia, rarely includin $e cil and opisthotonus, 
has occurred in a temporal relationship in cases in which DIPRIVAN Injection has been administered. Ciinical features of anaphylaxis, 
which may include bronchospasm, erythema and hypotension, occur rarely following DIPRIVAN injection administration, although 
use of other drugs in most instances makes the relationship to DIPRIVAN Injection unclear. There have been reports of pulmonary edema 
in temporal relationship to the administration of DIPRIVAN Injection, although a causal relationship is unknown. DIPRIVAN injection 
has ne vagolytic a and has been associated with reports of bradycardia. occasionally profound, and/or asystole. The intravenous 
administration of anticholinergic agents (eg, atropine or giycopyrrolate)} should be considered to modify potential increases in vagal 
tone due to concomitant agents (e ai suocinyicholing) or surgical stimuli. There have been rare reports of cardiac arrest in temporal 
relationship to the administration of DIPRIVAN Injection. Neurosurgical Anesthesia: Studies to date indicate that DIPRIVAN Injection 
decreases cerebral blood flow, cerebral metabolic oxygen consumption, and intracranial pressure, and increases cerebrovascular 
resistance. DIPRIVAN Injection does not seem to affect cerebrovascular reactivity to changes in arterial carbon dioxide tension. Despite 
these findings. DIPRIVAN inj is Not recommended for use at this time in patients with increased intracranial pressure or impaired 
cerebral circulation because DIPRIVAN injection may cause substantial decreases in mean arterial pressure, and consequently, substantial 
decreases in cerebral serfusian pressure. Further studies are needed to substantiate what happens to wetracranial pressure following 


DIPRIVAN® (prepetel) injection 


DIPRIVAN injection when decreases in mean arterial and cerebral sock eal are prevented by appropriate measures. information for 
Patients: Patients should be advised that performance of activities requiring mental alertness, such as operating a moter vehicia, or 
hazardous or sedation. Drug Interactions: 


benzodiazepines, 
ete.) Tees agens may increase the anesthetic or sedative ari tine of BIPRIVBN injection 
, diastolic, and mean arterial pressures and cardiac output. During 
i injection administration should be adjusted according to the desired level 
of anesthesia or sedation and may be reduced in the presence of supplemental analgesic agents (eg eg. nitrous oxide or opioids). The 
concurrent administration of potent inhalational agents (eg, isoflurane, enfiuran e) during maintenance with DIPRIVAN 
rp has not beer evaluated. These inhalational agents can also be expected to increase the anesthetic or sedative 
and cardiorespiratory effects of RAN iyection ee Oe ee ee ee intensity 
or duration ot action of the commonly used neuromuscular blocking agents agents (eq. ogi pave nondepoiarizing muscle relaxants}. 
Spica interactions with commonly used premedications or drugs during anesthesia or sedation (including a 
gritty aera e. parce eo ae and eet loopy agents) have been observed. Carcinogenesis, 
EIT E a AO Was been performed with propofol. in vitro and in vivo animal 
shay ert nage ty P ity included the Ames (using Salmonella sp) mutation 
ell hating a ie in vila pe dosare studies in Chinese hamsters and a mouse 
piles test. in sie teriala rots) rats at intravenous doses up to 15 mg/kg/day (6 times the maximum recommended human 
Paris oes) ors EOI DANA AAAY DS T of ean E O T Male fertility in rats was not affected 
in a dominant lethal study at intravenous doses up to 15 Disa Ayha for mri fais 8: Reproduction studies have 
been pertormed in rats and rabbits at intravenous doses times cope recommended human induction dose} and 
have revealed no evidence of impaired fertility or harm to the a toa due to propofol. Propofol, however, has been shown to cause 
maternal deaths in rats and rabbits and decreased pup survival during the lactating period in dams treated with 15 mg/kg/day (or 
6 times the recommended human induction dose). ig (anesthesia) of the drug on the mother is probably 
. There “i 


for obstetrics, i cesarean 

other pika anesthetic agents, the administration of DIPRIVAN ecto 

tethers: DPRNAN econ not commended for use nursing moer 
in human milk and the effects of oral absorption of smali amounts of propofol 
are not known, Pediatric Use: OIPRIVAN is not recommended for use in pediatric patients because satety and effectiveness 
have not been established. ADWERSE : Adverse event information is derived from controlled clinical trials and woridwide 
marketing experience. in the description below, rates of the more common events represent US/Canadian clinical study results. 
Less frequent events are derived principally from publications and marketing experience in over 8 milion patients; there are insufficient 
data to support an accurate estimate of their incidence rates. The adverse experience fei from reports of 150 patients in the 
US/Canadian MAC sedation clinical trials is similar to the profile established with DIPRIVAN injection during anesthesia (see below). 
During MAC sedation clinical trials, significant respiratory events included cough, upper airway obstruction. ames, a, hypoventilation, 
and dyspnea. The most common adverse events which occurred in more than Fait of the patie patients receiving DIPRIVAN Injection for 
MAC sedation included hypotension, nausea, headache, and injection site pain or hotness. ee o aa a 
for DIPRIVAN Injection are derived from reports of 2588 patients included in the US/Canadian studies Studies were conducted 
using a variety of premedicants, lengths of surgical/diagnostic procedures and various other anesthetic/sedative agents. 
Most adverse events were mild and following adverse events were reported in gD gall lahat 

bY- wd 

of causal singe i a oo Enso ha see also CLINICAL PHAR ARMA- 
Contre! Nerveus itching. ; 


Nausea” i m rg oe Adoring Cramping. injection Site: Lem *, Burning/Stinging o erica! Hiccough, Cough {see 
also CLINI HAR LOGY). Skin and Appendages: Rash. incidence of unmarked events is 199-346; "3% to 996; *"10% or 
derived from clinical triais. (Adverse events reported in the 

iterature, not seen in clinical trials, are italicized.} Body as 8 Whole: Perinatal Disorder, Extremities Pain, Awareness, Chast Pain, 
increased Drug Effect, Neck Rigidity/Stittness, Trunk Pain. Anaphylaxis/Anaphylactoid Reaction. aat inca Meals 
Premature Ventricular yl Sibir hah Contractions, rag ECG, ST deg Nol 


may depression. 
because DIPRIVAN has been reported to be exc 


pression. : 

lever tin Dry Mouth, ee Injection: sie Tin jing umbne umbness, Condness, Discomfort, bitis, 
Hives/itching, Redness/Discoloration 
aiso CLINICAL PHARMACOLOGY), Upper Airway Obstruction, ing. lig ana resin , Bronchospasm, mingin 
Throat. Sneezing, Tachypnea, Hyperventilation, Hypoxia, Pharyngitis. Skin and ager Urticaria, Pruritus. rag tary 
Senses: Ambiyopia, Dipiopia, Taste Perversion, Eye Pain, Tinnitus. Urogenital: Abnormal Urine, Urine Retention, Green tirine. 
dence Less than 1% - Causal Relationship Unknown, derived from ciinical triels. (Adverse events reported in the enioe tak nat 
seen in clinical trials, are taficized ) Body as a Whole: Asthenia. Cardiovascular: Atria! , Bigeminy, Hemmorrhage, Edema, 
Ventricular Fibrillation, Sopraventricular Tachycardia, Myocardial ischemia Central Nervous System: Emotional Lability, Anxiety, 
Hysteria, Insomnia, Generalized and gmp Seizures, Opisthotonus, Hypotonia, Hallucinations, inking Abnormal, 

gestive: Diarrhea. Hematologit/Lymphatic: Coagulation Disorder. Metabolic! Nutritional: Hyperkalemia. Reaper: 
Laryngospasm. Skin and Appen abel oone Hyperemia. Special Senses: Ear Pain, rogn raara 
Oliguria. In addition to those pegaenpis events listed above, the following adverse event has been reported as a of postmarketing 
experience: amorous behavior. DOSAGE AND ADMINISTRATION: Dosage and rate of administration should be individualized 
titrated to the desired effect according to clinically relevant factors ehara Akalin and concomitant medications, age, ASA 
physical classification and level of debilitation of the patient. The following is abbreviated and administration Intermation 
which is only intended as a general guide in the use of DIPRIVAN injection. Prior to DIPRIVAN injection, it is 
imperative that the review and be completely tarniliar with the specific dosage and indormation detailed 
in the CLINICAL P ACGLOGY ~— individgalization of section. in the elderly, debiiiteted and ASA ill or IV patients, 
rapid bolus doses should not be esed in the methods of administration described below. (See WARNINGS.) 


induction of Dosage should be individualized and titrated. 
Anesthesia Adults": Most patients require 2.0 to 2.5 mg/kg (approximately 40 mg every 10 seconds until induction 
onset). 
Elderly Debilitated ang ASA HI or IV Patients: Most patients require 1.0 to 1.5 mg/kg (approximatety 
20 mg every 10 seconds until induction onset). 
For complete dosage information, see CLINICAL PHARMACOLOGY— Individualization of Dosage. 
Maintenance ot Variable rate intusion — titrated to the desired clinical effect. 


Anesthesia: infusion | Adults’: Most patients require 100 to 200 ug/kg/min (6 to 12 mg/kg/h). 
Elderly. Debiiltated and ASA iti or IV Patients: Most patients require 50 to 100 yg/kg/min 


(3 te 6 mg/kg/h}. 


Maintanance of increments of 25 mg to 50 mg as needed. 

Anosthesia: For complete dosage information, see CLINICAL PHARMACOLOGY- 

intermittent Bolus individualization af Dosage. 

initiation of Dosage and rate should be individualized. 

MAC Sedation Adults": Slow infusion or siow injection techniques are poran over rapid bolus administration. Most 
patients require an infusion of 100 to 150 pa/kg/min (6 to 9 mg/kg/h} or a slow injection of 0.5 mg/kg 
over 3 to 5 minutes. 

Elderly, Oebilituted and ASA fli or IV Patients: Most patients require dosages similar to adults, but must 
be given as a slow infusion or slow injection and not as a rapid bolus. (See WARNINGS.) 

Maintenance of Desage and rate should be titrated to clinical effect. 

MAC Sedation Adults: A variable rate infusion technique i 


; ole peep ti e ah hereta oiire erd 
require an infusion of 25 to 75 ug/kg/min {1.5 to 4.5 mg/kg/h) or incremental bolus doses of 10 mg or 


20 mig. 

Elderly, Debilitated and ASA tif or FY Patients: Most patients require a 20% reduction of the adult dose. 
A rapid (single ar repeated} bolus dose should not be used. (See WARNINGS } For complete dosage 
information, see CLINICAL PHARMACOLOGY- Individualization of Dosage. 


“Adults — healthy. less than 55 years of age 

Handilng Procedures: Parenteral drug products should be inspected visually for particulate matter and discoloration prior to admin- 
istration whenever solution and container permit. DIPRIVAN injection must not be administered through filters with a pore size less 
than 5 jum because this could prank otal to oie lao leased rbd aghle il not use if there is evidence 
ot separation of the phases of the emulsion. Strict aseptic techni always be maintained handling as DIPRIVAN 
injection isa single-use parenteral product and contains no pirrar pears The vohicie is capable of supporting 
raa pree o memoron Failure to fotiow aseptic handiing procedures may result in microbial contamination causing 
taver, infection/sepsis and/or other adverse consequences which could lead to liie- Hiness. DIPRIVAN injection shoukt 
he prepared for use just prior to initiation of each individual anesthetic/sedative procedure. The ampute neck rnd rb frit of vial ip 
stopper should be disinfected using 70% isopropyl alcohol. DIPRIVAN injection should be drawn into sterie Aish harry 

ampules or vials are opened. When withdrawing DIPRIVAN injection from vials. a sterile vent spike shoutd be used aeolian 
be labeled with appropriate information including the date and time the ampule or vial was opened. Administration should commence 
promptly and be completed within 3 hours after the ampules or vials have been opened. DIPRIVAN Injection should be prepared 
for single patient use only. Any unused portions of DIPRIVAN Injection, reservoirs, dedicated administration tubing and/or solutions 
containing DIPRIVAN Iniection must be discarded at the end of the anesthetic procedure or at 8 hours, whichever occurs sooner. 
The IV line should be fiushed every 6 hours and at the end of the anesthetic procedure to remove residual DIPRIVAN Injection. 


Shake weli before use. Rev 8 03/92 
Made in Sweden 
Manufactured for: 


STUART PHARMACEUTICALS A business unit of ICi Americas inc., Wilmington, DE 19897 USA 


Classified Advertising 





OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal Op- 
portunity, Affirmative Action Employer. 
Send curriculum vitae to Helmut F., 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

7OIE/L 


The Department of Anesthesiology at the 
University of Texas Medical School in 
Houston is recruiting faculty at assistant 
professor, associate professor, and profes- 
sor levels. Applicants must be board certi- 
fied or board eligible and able to obtain a 
Texas medical license. The faculty positions 
include responsibilities for teaching, super- 
vising and providing patient care, and par- 
ticipation in clinical or laboratory research 
and administrative functions of the depart- 
ment. The department has significant and 
expanding responsibilities in the areas of 
pain management, obstetrical anesthesia, 
neuroanesthesia, cardiac and vascular an- 
esthesia, and hyperbaric medicine. Inter- 
ested individuals should send a copy of 
curriculum vitae and names, addresses, 
phone numbers, and permission to contact 
three reference sources. Information 
should be sent to Jeffrey Katz, MD, Chair- 
man, Department of Anesthesiology, Uni- 
versity of Texas Medical School, 6431 Fan- 
nin, Houston, TX 77030. The University of 
Texas is an equal opportunity employer. 
Women and minorities are encouraged to 
apply. 

873C/H 


ILLINOIS: ANESTHESIOLOGIST 
To join congenial group of MDs/CRNAs 
expanding to provide anesthesia coverage 
for only hospital in city since recent 
merger. No open heart or neurosurgery. 
Environment conducive to family living, 
variety of schools, recreation. Good oppor- 
tunity with stable future. City located in 
east central Illinois with population of ap- 
proximately 40,000 (35-mile radius service 
area with 126,126 population). Within driv- 
ing distance of Chicago and Indianapolis. 
Please send CV to Box 887D/L. 

887D/L 


EASTERN PENNSYLVANIA 

Hospital needs two board-certified/board- 
eligible anesthesiologists to join a fee-for- 
service group in a 225-bed progressive 


hospital. Applicants must be a PGIV pre- 
ferrably with pain management, residency 
rotation. Reply to Box 888D/1, 

888D/I 


FLORIDA 
BE/BC anesthesiologist needed to join busy 
group practice, serving a fast-growing 130- 
bed community hospital. Beautiful small 
Gulfcoast community, no neuro or OH. 
Send CV to Gulfcoast Anesthesia Special- 
ists, 6630 West Gulf to Lake Highway, 
Crystal River, FL 32629. 

904F/H 


CARDIOVASCULAR FELLOWSHIP 
OPPORTUNITY 
The Department of Anesthesiology and 
Critical Care Medicine at the University of 
New Mexico School of Medicine has open- 
ings at the CA-4 level for advanced training 
in cardiovascular anesthesiology. The fel- 
lowship is a 2-year comprehensive program 
designed to train the fellow for a career in 
cardiovascular anesthesiology. Research in 
cardiovascular physiology and anesthesia, 
provision of clinical care for complex adult 
and pediatric cases, participation in confer- 
ence, and teaching responsibilities are part 
of the fellowship experience. Interested in- 
dividuals should send CV or contact Jorge 
A. Estrin, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity of New Mexico School of Medicine, 
Albuquerque, NM 83131-5216, (505) 272- 
2610, FAX (505) 277-1300. The University of 
New Mexico is an Equal Opportunity/Affir- 
mative Action Employer. 

912F/L 


PEDIATRIC ANESTHESIOLOGIST 
BC/BE to join a private group in growing 
Pediatric Medical Center in Atlanta, Geor- 
gia. No open hearts or transplants. Send 
CV to Box 916F/H. 

916F/H 


PAIN FELLOWSHIP, DIVISION OF PAIN 
MANAGEMENT, DEPARTMENT OF 
ANESTHESIOLOGY, SUNY HEALTH 
SCIENCE CENTER AT SYRACUSE 

One or two competitive CA-4 positions 
available. Extensive clinical exposure to 
acute and chronic pain management, in- 
cluding cancer and pediatric patients. Op- 
portunity for clinical and laboratory re- 
search relative to pain management 
available. Please send curriculum vitae to 


P. Sebastian Thomas, MD, Director, Pain 
Treatment Service, SUNY Health Science 
Center, Syracuse, NY 13210. Equal Oppor- 
tunity Employer. 

917F/H 


PEDIATRIC ANESTHESIOLOGIST 
The Section of Pediatric Anesthesiology at 
Arkansas Children’s Hospital is seeking an 
additional faculty member. Candidates 
should be BC/BE with an approved fellow- 
ship in pediatric anesthesiology. Arkansas 
Children’s Hospital is a state-of-the-art fa- 
cility providing tertiary and primary care to 
children in six surrounding states. More 
than 6000 surgical procedures are per- 
formed each year. All facets of care are 
provided including an active acute and 
chronic pain service. Interested candidates 
should apply to Raeford E. Brown, Jr, MD, 
Chief, Division of Pediatric Anesthesia, Ar- 
kansas Children’s Hospital, 800 Marshall 
Street, Little Rock, AR 72202-3591. An 
Equal Opportunity Employer. 

919F/H 


CLASSIFIED ADS 


Anesthesia & Analgesia makes available classified 
advertising space for those interested in obtain- 
ing positions or wishing to announce meetings, 
postgraduate courses, or other pertinent events. 
We require that all advertisements be relevant to 
the practice of anesthesia and analgesia, and we 
reserve the right to refuse advertisements that 
are not relevant. 

Specifications. Ads should be typewritten on 
letterhead stationery; the text should be double- 
spaced, with the ttle or key phrase typed in 
capital letters. Enclose two photocopies with 
each ad. Display space (minimum 4 page) is 
available through Pharmaceutical Media, Inc., 
440 Park Avenue South, 14th floor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126. 

Rates. Ads cost $1.50 per word per insertion, 
with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $18.00 per insertion for box number ads.” 

Payment. Full payment or institutional pur- 
chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science Publishing Company, Inc.} 

Deadline. Copy must be received 7 weeks 
before publication date (i.e., by January 1 for the 
March issue); multiple-insertion ads are wel- 
come. Ads may run up to 6 months per pur- 
chase order/payment. Please specify in which 
issue(s) your advertisement is to appear. 

Send all ad copy, payments, and correspon- 
dence to: Anesthesia & Analgesia, Classified Ads, 
Desk Editorial, Elsevier Science Publishing Co., 
Ine., 655 Avenue of the Americas, New York, 
NY 10010, 

“When responding to a box number ad, in- 
clude the box number on all correspondence. 





















E UNIVERSITY OF NEW MEXICO 
epartment of Anesthesiology and Critical 
are Medicine has immediate faculty posi- 
ons at the Instructor, Assistant Professor, 
ssociate Professor, and Professor levels 
r candidates with experience in cardiac, 
obstetric, neurosurgical, and pediatric an- 
sesthesia and critical care medicine. Respon- 
sibilities include the teaching of medical 
students and residents and the provision of 
clinical care in a busy tertiary referral cen- 
ter. Opportunities to pursue research inter- 
ests will be provided. It is expected that 
candidates who apply for CCM positions will 
have or be eligible for subspecialty certifica- 
tion. Qualified candidates should send CV or 
contact Jorge A. Estrin, MD, PhD, Professor 
and Chairman, Department of Anesthesiol- 
ogy, University of New Mexico School of 
Medicine, Albuquerque, NM 87131-5216, 
(505) 272-2610, FAX (505) 277-1300. The Uni- 
versity of New Mexico is an Equal Opportu- 
nity/Affirmative Action Employer. 

913F/L 


ANESTHESIOLOGIST 
BC/BE. Openings to join group at 500-bed 
hospital plus busy outpatient center in Erie, 
Pa. All types of anesthesia including pain 
management. Beautiful area with year- 
round recreation. Competitive salary with 
opportunity for partnership. Send CV to 
Anesthesia Consultants of Erie, 225 West 
25 Street, Suite 408, Erie, PA 16502. 
922GH 


Immediate opening for a BC/BE anes- 
thesiologist to join six MD anesthesiolo- 
gists in a fee-for-service practice in a 350- 
bed hospital in a retirement community in 
Sun City, Arizona. No OB, open heart, 
trauma, or pediatrics. Send replies to Box 
923GH. 

923GH 


Texas Tech University Health Sciences 
Center, Lubbock has faculty positions 
available for board certified/eligible anes- 
thesiologists with training/experience in 
subspecialty activities (cardiac anesthesia, 
critical care, and obstetric). The Depart- 
ment has a tradition of strong support to 
research activities. Salary is competitive 
with good benefits. Lubbock is located in 
the sunbelt within driving distance of the 
mountains and skiing. It is the home of a 
major university offering an excellent life- 
style. Equal Opportunity Employer. Please 
address correspondence, with references 
and curriculum vitae, to Gabor B. Racz, 
MD, Chairman, Department of Anesthesi- 
ology, Texas Tech University Health Sci- 
ences Center, Lubbock, TX 79430. 

924GH 


NORTH EAST, INDIANA 
Group seeking BC/BE anesthesiologists to 
join large MD-only group. All types of 


anesthesia provided, including OH and 
OB. Immediate opening. Early partnership 
offered. Send CV to Box 926GA. 

926G/1 


The Department of Anesthesiology at Duke 
University Medical Center invites qualified 
full-time faculty to apply for positions in 
the following categories: NEUROANES- 
THESIA—We are seeking an academic fac- 
ulty candidate trained in neurosurgical 
anesthesia to lead a developing neuroanes- 
thesia section as chief of the section. This 
opportunity requires a candidate with a 
primary interest in investigative research 
and teaching in addition to clinical exper- 
tise in all aspects of neuroanesthesiology 
including an interest in the development of 
a neurological intensive care unit. A new 
spacious neuroscience facility at Duke fos- 
ters interdisciplinary relationships with 
neuropharmacology, neuroradiology, neu- 
robiology, and neurology. The neuro- 
science program at Duke University is one 
of the five developing centers of excellence 
at this nationally prominent university. 
CRITICAL CARE MEDICINE—We are 
seeking individuals who are ABA certified 
or board eligible in critical care medicine, 
for the position of Co-Director, SICU at 
the Durham VA Medical Center (where a 
new ICU tower is under construction) 
and/or as critical care faculty in the SICU at 
Duke University Medical Center. Faculty 
will play an essential role in the coordina- 
tion of care in a multidisciplinary consult- 
ing service and in the development of an 
interdisciplinary Critical Care Fellowship 
program. GENERAL INTERESTS AND 
CLINICAL PHARMACOLOGY—We have 
positions for starting academicians whose 
subspecialty interests are broad or unde- 
fined, but who desire to begin an academic 
career in a setting with an emphasis on 
clinical research in pharmacology and epi- 
demiology as it relates to the practice of 
anesthesiology. 

Academic titles and compensation for the 
above positions will be commensurate with 
experience and credentials in education, clin- 
ical service, and research. Candidates must 
be board certified or board eligible, and eligi- 
ble for an unrestricted North Carolina medi- 
cal license. Please send letter of application 
and curriculum vitae to]. G. Reves, MD, Box 
3094, Duke University Medical Center, 
Durham, NC 27710. Duke University is an 
Affirmative Action-Equal Opportunity Em- 
ployer. 

927G/I 


LAKE CHAMPLAIN-ADIRONDACK REGION 
NEW YORK 

Growing group seeks a BC/BE anesthe- 
siologist at 410-bed regional referral hospi- 
tal. Department consists of six anesthe- 
siologists and two CRNAs for 6000 cases/ 
year. No hearts or transplants. Mostly 
Narkomed 3 machines with H-P Merlin 
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monitors. Plattsburgh is located at the 
foothills of the Adirondacks and on Lake 
Champlain, the sixth largest lake in the 
country. Montreal and Lake Placid region are 
within 1-hour drive. Excellent public and 
private schools, state university, affordable 
real estate, active arts council, and wide 
variety of recreational activities combine to 
offer an extraordinary family environment. 
For details or to view a video of the hospital 
and community, contact Hannah Hanford, 
Box 1656, Plattsburgh, NY 12901; (518) 
643-2998. 

929G/I 


CALIFORNIA 
University of California, Irvine: Openings 
for faculty positions in the Department of 
Anesthesiology. (1) Assistant or associate 
professor level in the in-residence series. 
Responsibilities include teaching and re- 
search. (2) Clinical instructor and assistant 
professor level in the clinical series. Re- 
sponsibilities include teaching and clinical 
service. Participation in research is highly 
desirable but not mandatory 

Rank and pay commensurate with skills 
and experience. Faculty will serve at both 
a tertiary-care university hospital and a 
VA Medical Center. Candidates must be 
ABA certified, or in the examination pro- 
cess, and be eligible for a California state 
license. An Affirmative Action, Equal Op- 
portunity Employer. Address correspon- 
dence with references and curriculum vitae 
to Steven J. Barker, PhD, MD, Chair, De- 
partment of Anesthesiology, University of 
California, Irvine Medical Center, 101 City 
Drive South, Route 81A, Orange, CA 
92668. 

930G/L 


LOUISIANA STATE UNIVERSITY MEDICAL 
CENTER—SHREVEPORT 
Faculty positions available for board certi- 
fied/eligible anesthesiologists. Duties in- 
clude patient care, resident and student 
teaching, supervision of CRNAs, research, 
and administrative responsibilities. Faculty 
rank and salary commensurate with ex- 
perience. Please send curriculum vitae and 
names of three references to D. Richard 
Davis, H, MD, Associate Professor and 
Chairman, Department of Anesthesiology, 
LSU Medical Center—Shreveport, 1501 
Kings Highway, Shreveport, LA 71130- 
3932. We are an Equal Opportunity/Affir- 
mative Action Employer. 

931G/L 


DIRECTOR OF ACUTE AND CHRONIC PAIN 
SERVICE 

UMDNJ], NJ's university of the health sci- 
ences, is seeking applicants for the position 
of Director of Acute and Chronic Pain Ser- 
vice. Applicant must be a board-certified 
anesthesiologist with a minimum of 2 
years’ faculty experience in a multidiscipli- 
nary pain center. Evidence of interest in 
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teaching and demonstrated research ability 
required. The Director will supervise a 
busy acute and chronic pain service with 
two fellows and should be familiar with all 
state-of-the-art pain therapies. Faculty rank 
and salary commensurate with qualifica- 
tions. 

Contact Sanford L. Klein, DDS, MD, 
Chairman, Department of Anesthesia, 
UMDN]-Robert Wood Johnson Medical 
School, 1 Robert Wood Johnson Place, CN 
19, New Brunswick, NJ 08903-0019. 
UMDNJ is an Affirmative Action/Equal Em- 
ployment Opportunity Employer, m/f/h/v, 
and a member of the University Health 
System of New Jersey. 

932H 





TENNESSEE 
Expanding department requires additional 
anesthesiologists, Full-time positions avail- 
able at levels of instructor to associate pro- 
fessor with emphasis on teaching, patient 
care, and clinical research. Prerequisites: 
(1) meet Tennessee license requirements; 
(2) ABA diplomat or eligible for ABA exam- 
ination. All subspecialties needed. Excel- 
lent opportunity for anesthesiologists who 
want an ideal mix of private practice with 
teaching and clinical research. Send curric- 
ulum vitae, bibliography, and the names 
and addresses of three references to John 
Zanella, Jr, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity of Tennessee, Memphis, 800 Madi- 
son Avenue, Memphis, TN 38163. The 
University of Tennessee is an Equal Oppor- 
tunity Employer/Affirmative Action Regis- 
ter/Title IX/Section 504 Employer. 

934H/J 


ANESTHESIOLOGIST 
Multispecialty group of 43 physicians adja- 
cent to 165-bed hospital in need of BC/BE 
anesthesiologist. Located in West Texas 
City of 80,000 with excellent recreational 
activities. Salary guarantee with bonus 
based on production. Send CV to West 
Texas Medical Associates, 3555 Knicker- 
bocker Road, San Angelo, TX 76904. 
936H/A 





NEW ORLEANS 
Louisiana State University Medical Center, 
Department of Anesthesiology, is seeking a 
board-certified anesthesiologist who is in- 
terested in directing publications and re- 
search. Outstanding opportunities for clin- 
ical studies are available. No night call, 
weekends, or holidays are required. Excel- 
lent salary and fringe benefits. Eligibility 
for Louisiana licensure is prerequisite. 
Please send curriculum vitae to M. 
Naraghi, MD, Professor and Chairman, 
LSU Department of Anesthesiology, 1532 
Tulane Avenue, New Orleans, LA 70140. 
LSUMC is an EEO/AA employer. 

937H/A 





ANESTHESIOLOGIST 
The Shriners Hospitals for Crippled Chil- 
dren in Greenville, South Carolina is seek- 
ing an additional BC or BE pediatric 
anesthesiologist. This position offers op- 
portunity for pain management and post- 
operative critical care patient management. 
Research resources in conjunction with 
Clemson University are available. We are a 
progressive and academically oriented or- 
thopedic hospital with an interesting pa- 
tient population drawn from six states. This 
upstate Carolina location provides a pleas- 
ant setting in the foothills of the Blue Ridge 
Mountains, and is within easy drive to 
coastal recreational areas. Contact Deborah 
A. Nicholas, MD, Director of Anesthesiol- 
ogy, Shriners Hospitals for Crippled Chil- 
dren, 950 West Faris Road, Greenville, SC 
29605. 

938H 


ANESTHESIOLOGIST TO DEVELOP PAIN 
PRACTICE 
Opportunity: Large anesthesiology group 
practice desires new associate with interest 
and experience (1-year fellowship pre- 
ferred) in chronic pain practice. All subspe- 
cialty areas covered. Acute and chronic 
pain practice growing rapidly. New associ- 
ate should be able to provide anesthesia 
care also. Midsize city, Florida, close to 
water. Great community to raise family. 
Partnership track. If interested, send cur- 
riculum vitae to Box 939H. 

939H 


OLEAN, N.Y. 
Anesthesiologist to join expanding group 
serving busy hospital in the beautiful 
Southern Tier. Very competitive salary and 
benefits. School loans may be forgiven. 
send CV to Joseph Kehoe, RR 1, Box 363, 
Clayton, NY 13624 or call (315) 686-2434 for 
details. 

940H/] 





CARDIAC ANESTHESIOLOGIST 
Albert Einstein Medical Center is a 600-bed, 
university-affiliated, tertiary-care hospital 
with a rapidly growing cardiac surgical 
program. The Division of Cardiac Anesthe- 
sia seeks BC/BE individuals who have com- 
pleted a cardiac fellowship or have signifi- 
cant cardiac experience. The position 
includes clinical care and teaching respon- 
sibilities. Rank and salary commensurate 
with experience. Send curriculum vitae to 
Rick Fine, MD, Chairman, Division of Car- 
diac Anesthesia, Albert Einstein Medical 
Center, 5501 Old York Road, Philadelphia, 
PA 19141-3098. 

941HI 


ILLINOIS 
Opening for full or part-time BC/BE anes- 
thesiologist to join group practice with ac- 


ANESTH ANALG 
1992;75:A52-6 


ademic affiliation. Eleven physicians and 15 
CRNAs, cardiothoracic, neuro, neonatal, 
and OB. Excellent salary and benefits. Send 
CV to Sangamon Anesthesiologists, St. 
John’s Hospital, 800 East Carpenter, 
Springfield, IL 62769. (217) 544-3311 (col- 
lect). 

942H/] 





ANESTHESIOLOGIST — BC/BE —- Immedi- 
ate opening. All specialties including car- 
diac. Excellent salary leading to early part- 
nership. Send CV to Medical Associates, 
PO Box 141, Minot, ND 58702. (701) 857- 
5448; FAX (701) 839-8024. 

943H/J 


MASSACHUSETTS 
Expanding Anesthesia Department with 
residency program in university-affiliated 
teaching hospital, Boston area, seeks two 
BC/BE anesthesiologists. One with special 
interest in OB, one with special interest in 
pain management, to join teaching staff. 
Please contact Dr. Paul Levesque, Depart- 
ment of Anesthesia, St. Elizabeth’s Hospi- 
tal, 736 Cambridge Street, Boston, MA 
02135. Phone: (617) 789-2782. 

944H 





TEXAS 
Private practice group is seeking BE/BC 
anesthesiologist(s) to join new group form- 
ing in North Central Texas just minutes 
from the Dallas/Ft. Worth Metroplex. Ex- 
cellent starting salary and practice oppor- 
tunity. Also accepting applications from 
CRNAs seeking employment. Facility is a 
200-bed community hospital involving pre- 
dominantly orthopedics, general, and ENT 
cases with obstetrical service starting im- 
mediately. Send CV to NTAA, P.O. Box 
630652, Iriving, TX 75063-0652. 

945HI 


PENNSYLVANIA 

The ALBERT EINSTEIN MEDICAL CEN- 
TER has two faculty positions available. 
(1) PAIN: To spend 40% of time in pain 
clinic and additional time on the acute 
postoperative pain service. Possibility for 
appointment as Co-Director of Pain Medi- 
cine for the right individual. For the indi- 
vidual with special interest in upper ex- 
tremity regional blockade, there is an 
opportunity to work with two new hand 
surgeons. (2) PEDIATRIC: To become a 
member of a four-person pediatric anesthe- 
sia team. About 20% of time will be pedi- 
atrics. 

For both positions, clinical responsibility 
is for all types of predominantly adult cases 
except cardiac. Interest in teaching resi- 
dents required; interest in research pre- 
ferred. 

The Albert Einstein Medical Center is a 
modern 600+ bed tertiary hospital, level 
one trauma center, and a transplant center 




















ANESTH ANALG 
1992;75:A52-6 


in Philadelphia. Over 12,000 anesthetics 
performed annually. All faculty (18) receive 
full academic appointments at the Temple 
University School of Medicine. Very com- 
petitive salary and benefits. Interested ap- 
plicants should reply with CV to Jonathan 
Roth, MD, Department of Anesthesiology, 
Albert Einstein Medical Center, 5501 Old 
York Road, Philadelphia, PA 19141. (215) 
456-7979. 

946HI 


MEMORIAL SLOAN-KETTERING CANCER 
CENTER 
Postgraduate Course on “Current Con- 
cepts in Cancer and Acute Pain Manage- 
ment,” December 10-11, 1992. This course 
will provide a broad coverage of the man- 
agement of cancer pain and acute pain for 
the practicing anesthesiologist. The objec- 
tive is to exchange information on recent 
advances, current concepts in diagnosis, 
and the technical advancement in pain 
management. 

HIGHLIGHTS: State-of-the-art lectures, 
syllabus, CME credit in Category I. 

REGISTRATION: $350.00 for physicians 
before October 1, 1992; $400.00 for physi- 
cians from October 2 to December 9, 1992; 
$450.00 for ON-SITE registration; $250.00 
for 1-day attendance; $200.00 for resi- 
dents," fellows,* and nurses (with letter 
from Program Director*). For more details, 
please contact: CME office, MSKCC, 1275 
York Avenue, New York, NY 10021. (212) 
639-6754, (212) 717-3140 FAX. 

947HI 


PAIN MANAGEMENT TRAINING—ACUTE 
AND CHRONIC—CA-3 AND FELLOWSHIP 
POSITIONS 
University of Cincinnati Anesthesia De- 
partment and the Pain Control Center are 
seeking applications for Fellowship (pre- 
ferred) and CA-3 positions in acute and 
chronic pain management, including can- 
cer pain and pediatric pain management. 
Chronic benign pain is managed in an 
interdisciplinary fashion, run by anesthesi- 
ologists; program includes inpatient, inten- 
sive outpatient, and standard outpatient 
programs. The Acute Pain Service is ag- 
gressive and well accepted, employing all 
modalities in the management of postoper- 
ative and ICU/trauma patients. Opportuni- 
ties are available for clinical research. Direct 
inquiries to Donna Benesch, Department of 
Anesthesia, University of Cincinnati Medi- 
cal Center, 231 Bethesda Avenue, ML 531, 
Cincinnati, OH 45267-0531. Phone: (513) 
558-6356, FAX: (513) 558-0995. 

948H/] 


POSTDOCTORAL FELLOWSHIP 

Background in clinical medicine or clinical 
research required for studies with patients 
with heart disease undergoing surgery. 
Cardiac function and ischemia assessed 
with ECG, Holter, and echocardiography 
monitoring. Working with cardiologists, 


epidemiologists, and anesthesiologists. 
Send CV and names of three references to 
Dennis T. Mangano, PhD, MD, Professor 
and Vice Chairman, Department of Anes- 
thesia, University of California, San Fran- 
cisco, 4150 Clement Street (129), San Fran- 
cisco, CA 94121. 

949H/L 


FELLOWSHIPS 
The Department of Anesthesiology at the 
University of Alabama at Birmingham of- 
fers fellowships for 1-2 years with a 50% to 
80% commitment to clinical or bench re- 
search with the remaining 20% to 50% 
commitment to clinical training. Fellow- 
ships are available without a research com- 
mitment. The fellowships are available in 
the following areas: (1) Cardiothoracic Anes- 
thesia, (2) Pain Management (including 
chronic pain, postoperative pain, pain 
management of patients with terminal 
cancer), (3) Transplantation (including renal, 
hepatic, pancreatic, cardiac, and lung), 
(4) Neuroanesthesia (including brain and 
spinal cord electrophysiological monitor- 
ing), (5) Outpatient Anesthesia, (6) Obstetrics, 
(7) Laboratory Research (pain mechanisms, 
ischemia-reperfusion injury, nitric oxide, 
and others). Please send curriculum vitae 
to Simon Gelman, MD, PhD, Professor and 
Chairman, Department of Anesthesiology, 
University of Alabama at Birmingham, 619 
South 19th Street, Birmingham AL 35233. 
An Affirmative Action/Equal Employment 
Opportunity Employer. 

950H/ 


CHIEF—CRITICAL CARE DIVISION, 
ASSOCIATE DIRECTOR—SURGICAL ICU 
Department of Anesthesiology, University 
of Alabama at Birmingham is seeking a 
board-certified anesthesiologist, certified or 
eligible in critical care medicine, for Chief— 
Division of Critical Care and Associate Di- 
rector—Surgical ICU. Responsibilities in- 
clude subspecialty resident education in 
critical care, patient care, research, admin- 
istration, and recruitment of anesthesiolo- 
gists-intensivists. Excellent research oppor- 
tunities. Highly competitive salaries. 
Contact Simon Gelman, MD, PhD, Profes- 
sor and Chairman, Department of Anesthe- 
siology, University of Alabama at Birming- 
ham, 619 South 19th Street, Birmingham, 
AL 35233, (205) 934-4696. An Affirmative 
Action/Equal Employment Opportunity 
Employer. 

S51H/J 


CA-IV POSITIONS IN ANESTHESIOLOGY 
The Department of Anesthesia at New 
England Medical Center Hospitals, Boston, 
Massachusetts (Tufts University) is accept- 
ing applications for CA-IV positions in 
adult cardiac anesthesia. This will be a 
6-12-month rotation specializing in all as- 
pects of cardiac anesthesia. Include CV 
with letter. Reply to Box 952HI. 

952HI 
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A WEEKEND OF MOCK ORAL EXAMS 
Mock orals, not lectures. We are the origi- 
nal course in this format. 20 hours category 
I CME credit, two board-certified instruc- 
tors, 12 students maximum. Dallas, August 
21-23. ANESTHESIA EXAM REVIEW, 7128 
Regents Park, Toledo, OH 43617. (419) 843- 
4480 or (813) 394-8780. 

897H 


ORAL EXAM WARM-UPS 

Polish your presentation. Take practice ex- 
ams by phone. PHONEPREP. (419) 843- 
4480. 


909H 


DON'T FAIL THE WRITTEN BOARDS! 
Unique study program including memory 
devices, methods for improved retention, 
guessing techniques, etc. Practice ques- 
tions with answers, explanations and refer- 
ences, new Keywords. Get MEDTEXT not 
imitations. Call 1-800-695-6301 for informa- 
tion 24 hours. Call 1-800-232-TEXT for or- 
ders. MC/V accepted. 

933H/A 


PASS YOUR ORAL BOARDS—FOR ONLY 
$15.00771172 

New guide gives you valuable tips, hints, 
and suggestions for one low price. Send 
$15.00 check or money order, or write for 
free further information, to Poterack Sys- 
tems, Department AA, 4422 Shavano 
Cross, San Antonio, TX 78230. 


935HI 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS 
The unique feature of these programs is the 
maximum class size of four students. Prep- 
aration for the written and oral exams are 
given separately in 3-day blocks in San 
Francisco and New York. FOR THE WRIT- 
TENS, techniques are taught for dealing 
with the multiple-choice questions. The ba- 
sic sciences are stressed. FOR THE ORALS, 
the guided case discussions are stressed. 
Home study programs are provided. CALL 
(415) 321-1117. 

763 


Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-800/736-8236 * PO 
Box 640 * Michigan City, IN 46360. 

832A/L 
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J. STEPHENS MAYHUGH AND 
ASSOCIATES, INC. LOCUM TENENS 
ANESTHESIA SERVICES 

Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 


tion are supplied to you. Call 1-800-426- 
2349 any time. 
755VH 





DANIEL & YEAGER LOCUM TENENS 

Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our spe- 
cialty, so you are assured of our personal 
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attention. Earn a premium income while 
eliminating administrative headaches and 
malpractice premiums; we cover it all. 
Call 1-800-264-1919 or write to 200 Clinton 
Avenue, NW, Suite 400, Huntsville, AL 
35801. 


898E/L 
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OBJECTIVES 


The Osler Institute 
Anesthesiology Board Review Courses 
August 4-9, 1992 — Chicago 
‘September 14-19 — Boston 


Now, special programs for written and oral boards 


® Improve basic and clinical knowledge of anesthesiology 


© Assist residents and fellows to better organize for further study 


è Prepare candidates to take their written and oral exams 


METHODS 


® HOME STUDY questions, answers, assignments and keywords 


® SEMINAR with projection slides and lecture-note syllabus 


® PRACTICE EXAMS for written and oral board exams 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relatively unknown as well."* 


Physiology 
Respiratory Physiology 
Cardiovascular Physiology 
Neurophysiology 
Hepatic & Renal Physiology 
Acid-Base and Blood Gas 


Pharmacology 
Pharmacokinetics 
Inhalation Anesthetics 
Intravenous Anesthetics 
Local Anesthetics 
Muscle Relaxants 
Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


Physical Sciences 
Applied Anatomy 
Physics and Gas Laws 
Anesthesia Machines 
Breathing Systems 


Fundamentals 

Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease 
Metabolic Disease 
Recovery Room 


Name 
Address 
City/State 


Zip Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Fea enanwnnaneeenenneennnanKtnneeuttnneuannyg 


Mail today to: 


1094 East Dawn Drive, Dept. A208A 


Regional Anesthesia 
Autonomic Blocks 
Spinal and Epidural Blocks 
Upper Extremity Blocks 
Lower Extremity Blocks 
Chronic Pain Management 


Specialty Areas 
Obstetric Anesthesia 
Pediatric Anesthesia 
Cardiac Anesthesia 
Thoracic Anesthesia 
Neuroanesthesia 
Ophthalmic & E.N.T. 
Geriatric and Outpatients 


Faculty 


Hassan Ali, M.D. 

Harvard University 

Solomon Aronson, M.D. 
University of Chicago 
Jonathan Benumof, M.D. 
Univ. of California, San Diego 
Edward Brian, M.D. 
University of Arkansas 
Eugene Y. Cheng, M.D. 
Medical College of Wisconsin 
Edward Czinn, M.D. 

Univ. of Illinois, Chicago 
Hernando DeSoto, M.D. 
Riverside Hosp., Jacksonville 
Boleslaus A. Falinski, M.D. 
Emory University 


Elizabeth Frost, M.D. 

Albert Einstein College of Med. 
Christopher Gallagher, M.D. 
Anesthesia Service, San Diego 
Harold Heyman, M.D. 
University of Illinois 

Lewis Hodgins, M.D. 

Duke University 


Anthony D. Ivankovitch, M.D. 


Rush Medical College 

Niels Jensen, M.D. 
University of lowa 

Charles Levine, M.D. 

York Hospital, York, PA 
Eugene Lipov, M.D. 

Rush Medical College 

David Lubarsky, M.D. 

Duke University 

William Martin, M.D.D.O. 
Med. Univ. of South Carolina 
Michael Newman, M.D. 
Rush Medical College 

Peter Pan, M.D. 

Medical College of Virginia 
David Rothenberg, M.D. 
Rush Medical College 
Ramez Salem. M.D. 
University Of Illinois 
Astride Seifen, M.D. 
University of Arkansas 
Daniel Siker, M.D. 

Medical College of Wisconsin 
Theodore C. Smith, M.D. 
Loyola University of Chicago 


Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 











[C] August 1-3, 1992 — Los Angeles 
C] August 4-9, 1992 — Chicago 


[C August 14-16, 1992 — Atlanta 
[C] September 14-19, 1992 — Boston 


[C] Check enclosed for $ 
C] Please send FREE SAMPLE 


Written Board Review 


Lectures and written exam seminars 
ə Home-study keywords with discussions 
and questions with answers. 
è Six-day lectures with syllabus. 
e Seminars for written exam questions. 
è September 14-19. 


Oral Board Review 


Mock oral exams and lectures 

è Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 

è Six-day lectures with syllabus and con- 
current mock oral exams most hours. 

è Registration includes one mock oral. 

e Extra public mock oral exam ($80), pri- 
vate mock oral exam ($110). 

o August 4-9; September 14-19. 


Oral Board Tutorial Days 


Choose any days ~ groups limited to 24 
o Home-study, oral-exam stem cases with 
pre-op, intra-op and post-op questions. 
è Mock oral exams in groups limited to 24. 
è Includes one public mock oral per day. 
è Extra public mock oral exams ($80), pri- 
vate mock oral exams ($110). 
o August 4-9; September 14-22. 


Two-Part Board Review 


Nine mock orals in any two courses 
è Any course in 1992, plus any other within 
three years. One course may be up to six 
Oral Board Tutorial days of your choice. 
è Choose between lectures and concurrent 
mock orals or written exam discussions. 
e Nine (9) mock oral exams in groups 
limited to 24 participants. 


Unconditional Guarantee 

è If you fail the next Anesthesiology Board 
Exam you take after taking one of these 
courses, we will refund half of your last 
course registration fee and allow you to 
repeat the course once for FREE. 

e This is NOT conditional upon you taking 
more than one course, or extra mock orals. 

o Last year, after we first made this guaran- 
tee, less than 2% requested a refund. 


Information 


The Osler Institute 
1094 East Dawn Drive, P.O. Box 2218 
Terre Haute, IN, 47802 


(800) 356-7537 


+Plus mock orals only September 20-22. 
* Comments by past Osler participants 





Alfenta 


alfentanil HCI) Injection 


Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription a l 
DESCRIPTION: ALFENTA is a sterile, non rope, preservative free aqueous solution containing alfentanil 
hydrochloride equivalent to 500 yg per ml of alfentanit base for intravenous injection, The solution, which contains 
sodium chloride for isotonicity, has a oH range of 4.0-6.0. A ane 
CONTRAINDICATIONS: ALFENTA (alfentanil hycrochloride) is contraindicated in patients with known hyper- 
sensitivity to the drug, 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS, AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE, BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CONTINUE WELL AFTER SURGERY. ALFENTA (alfentanil hydrochloride) administered in 
initial dosages up to 20 pg/kg may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
labove 130 ug/kg} will consistently produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves ail skeletal 
muscies, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods of 
administration of neuromuscular blocking agents for balanced opioid anesthesia; 2) administration of up to t/s of the 
full paralyzing dose of a neuromuscular blocking agent just prior to administration of ALFENTA at ig up to 
130 pg/kg; following loss of consciousness, a full para zing dose of a neuromuscuiar blocking agent shouid be _ 
administered: or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a seuromuscular blocking 
ent when ALFENTA is used in rapid’y administered anesthetic dosages (above 130 g/kg). The neuromuscular 
blocking agent used shouid be appropriate for the patient's cardiovascular status. Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA. It is essential that these 
facilities be ty equipped to handie ali ogress of respiratory depression. 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
A per AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
NTNUOUSLY. 
General: The initiai dose of ALFENTA (alfentani! hydrochloride} should be appropr-ately reduced in elderly and 
} debilitated patients. The effect of the initial dose should be considered in determining iy igi doses. in obese 
patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be cetermined on the basis 
of lean body weight. In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in Bett! young patients. 
In patients with compromised liver function and in geriatrie patients, the plasma clearance of ALFENTA may be 
reduced and postoperative recovery may be prolonged. induction doses of ALFENTA. should be administered slowly 
(over three minutes}. Administration may produce of vascular tone and hypotension, Coasideration should be 
deed to fluid roa prior to induction. Diazepam administered immediately prior to or in conjunction with 
igh doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery. Bradycardia produced 
by ALFENTA may be treated with atropine. Severe bradycardia and asystoie have been successfully treated with 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
agent Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA infusion 
should be discontinued at leas 10-15 minutes prior to the end of R ie Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the opioid antagonist action, appropriate surveillance 
Should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO, stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to CO, Appropriate pester monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure thal adequate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area. 
Head injuries: ALFENTA may obscure the clinica! course of patients with head injuries, 
impaired Respiration: ALFENTA should be usec with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration, in such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration. 
impaired Hepatic or Renal Function: in patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA. 
Drug interactions: Both the magnitude and duration of central nervous system and cardicvascutar effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbiturates, 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory depression may be enhanced or 
pooma y these agents. In such cases of combined treatment, the dose of one or both agents shouid be reduced. 
imited clinical experience indicates that requirements for volatile inhalation anesthetics are reduced by 30 to 50% 
for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 


can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 


Perioperative administration of drugs affecting hepatic biood flow or enzyme function may reduce plasma clearance 
and protong herd > 
Carcinegenesis, Mutagenesis and impairment of Fertility: No long iam animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in temale rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses af ALFENTA as high as 26 mg/kg (approximately 
40 times the upper human aen produced no structural chromosome mutations or induction of dominant lethal 
mutations, The Ames Salmonella typhimurium metabolic activating test also revealed no mutagenic activity. 
Pregnancy Categery C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could have been due 
to maternal toxicity (decreased food coasumption with increased mortality} following prolonged administration of 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 


JPI-AL-O6GA 


Printed in USA 


Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery, Placental 
transfer of the drug has been reperted; therefore, use in labor and delivery is not recommended. 

Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels of 
ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman. 
Peene Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 

ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscie rigidity, 
are extensians of known leat oe effects of opioids, See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed respirato 
depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. The 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients. of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. Incidences are based on disturbing and 
nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 

type of use, eg., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 
the type of surgery, eg., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 








ALFENTA coat Thiopental Sodium  Enflurane Halothane Saline Placebo" 
Percent (N= 785) (N= 243) {N= 66} {N= 55} iN= 18} {N= 18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 14 9 13 7 
Cardiovascular 
Bradycardia 14 7 8 Q 6 § 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 g 9 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 & g 
Musculoskeletal 
Chest Wali 17 12 9 0 0 8 
Rigidity 
Skeletal Muscle § 2 6 2 § Q 
Movements 
Respiratory 
Apnea 7 0 0 Q 0 0 
Postoperative 2 2 g § 9 Q 
Respiratory 
Depression 
CNS 
Dizziness 3 5 0 9 0 Q 
Sleepiness/ 2 8 2 9 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 9 9 9 0 


*From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 
healthy volunteers who did not undergo surgery. 


in addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
postoperative confusion, headache, shivering, postoperative euphoria, hypercarbia, pain on injection, urticaria, and 
itching. Some degree of skeletal muscle wd should be expected with induction doses of ALFENTA. 

DRUGS ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride} is a Schedule fl controled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for ie abused. 
OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(altertanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid vee No experience of 
overdosage with ALFENTA was reported during clinical trials. The intravengus LDso of ALFENTA is 43.0-50.9 mg/kg 
in fats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in guinea pigs and 59.5-875 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular rigidity, a neuromuscular blocking 
agent may be required to facilitate assisted or controtted ventilation. intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. 

DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride} should be individualized in 
each patient according to body weight, physical status, underlying pathological condition, use of other drugs, and 
type and duration of surgical procedure and anesthesia. in obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of ean body weight. The dose of ALFENTA 
shouid be reduced in elderly or debilitated patients (see PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C {59°-86° F}. 


March 1987, April 1988 
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